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INTRODUCTION. 
. . . . . . , , 
THE relations between the temperatures, pressures, and 
volunies of gases and liquids have been the subject of 
iiunierous experimental and mathematical investigations since 
the publication of the classical experimental researches of 
Andrews, and the great mathematical investigation of van der 
Waals 011 the continuity of the gaseous and liquid states of 
matter. Among the substances which have been most 
thoroughly studied are the elementary gases-oxygen, ni- 
trogen, hydrogen; a few compounds which are gaseous under 
ordinary conditions, such as carbon dioxide and ethj-lene ; 
and a few liquids, especially ether, the lower alcohols, and 
water. 
The experiments on oxygen, hydrogen, and nitrogen have 
necessarily been chiefly carried out at temperatures far above 
their critical points, whilst with ethylene and carbon dioxide 
Ihe range of temperature below the critical temperature at 
which observatioiis have been made is small. It is also, as a 
rule, more difficult to fill a tube with a gas in a perfectly 
pure state than with a liquid. 
Of the liquids examined, the alcohols and water behave 
abnormally in many respects, owiiig probably to  the existence 
of complex inolecules in the liquid state ; and though the 
results obtained are of great interest, it is obrious that a 
thorough investigation of what may be termed normal sub- 
stances should be carried out before the hehaviour of snch 
abnorinal compounds can be properly understood. 
None of the substances yet examined hare given better 
results than ethyl ether. It can be obtained without great 
difficulty in U state of purity ; it is possible to obtain results 
through a considerable range of temperature Loth abol-e and 
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below its critical lemperature, and its critical presslire is 
moderately low. 
Experiments on ether over a wide range of w h i n e  aiid 
temperature have been made by Rnmsay and Young (Phil. 
Trans. 1887, A, p. 57), and also by Bnttelli (Hem. della R. 
ne. di Torino, [2] xl. 1889), and up to extremely high pres- 
sures-though with a small range of volume-by Aimgat 
(AnnaEes Chim. Pliys., series 6, vol. xxix.), and by Barus 
(Phil. Mag. 1890, 1701. xxx. p. 358). 
The result of these investigations is to show that although 
the formula of van der Waals, p +  -ii (w--b)=RT, gives the 
general form of the isothermal curves very satisfactorily aiid, 
indeed, agrees well with the experimental results at large 
volumes, yet it caniiot be regarded as sufficiently accurate at 
volumes near and below the critical voInme. 
and (v-b) are both 
constants, the formula of ~ m n  der Waals may be reduced to 
the form y=bT--, where U and b are constants depending 
on the nature of the substance and on the volume*. 
This relation was found to hold good by Amag-at (Comptes 
Rendus (1882), xciv. p. 847) in the case of carbon dioxide 
and ethylene in the gpseous state and approximately in the 
liquid state, aiid by Ranisay and Young (Phil. Mag. May 
1887, p. 435) in the case of ether in both the gaseous and 
liquid states. 
Barus (loc. cit.) has shown that the law holds good for ether 
:ind some other substances in the liquid state up to R pressure 
of 1000 atin., but ihat there are deviations at higher pressures. 
Up to 1000 atrn. he estimates the error as not greater than 2 
or  3 degrees. 
Further in\iestigations by Ramsay and Youno. (Phil. Mag. 
August 1887, p. 195) have shown that the law IS applicable, 
approximately a t  any rate, to methyl and ethyl and (Phil. 
Trans. 18811, A, p. 137) propyl alcohol, but that there are 
* The sJ”lu b and n in  the equation p=bT-a have, of course, not 
the same meaning as in van der Waals’s equation, but as they have been 
used in previous papers by Rainsay and myself I hare thought i t  best to 
adhere to them. 
( 3 
a At constant voluine, however, siiice 
V 
9 
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considerable deviations in the case of water (Phil. Trans. 
1892, A, p. 107). 
Further experiments-up to very high pressures, though 
with a small range of volume-have been carried out by 
Amagat (Ann. Chim. Phys. loc. cit.), and his conclusions 
will be referred to later. 
The number of substances that can be conveniently inves- 
tigated through a sufficiently wide range of temperature both 
above and below the critical temperature and through a wide 
range of volume (in both the gaseous and liquid states) is 
very limited ; it therefore seemed desirable to take advantage 
of the opportunity, afforded by the possession of a quantity of 
pure isopentane, to make as complete an investigation as 
possible of the relations between the temperature, pressure, 
and voluine of this substance. I t  would be difficult to find a 
inore suitable liquid ; i t  is extremely stable and is readily 
freed from moisture by distillation oyer phosphorns pentoxide ; 
its boiling-point is 2 7 O . 9 5  ; its critical temperature is 1 8 i O . 8 ,  
and its critical pressure 25020 millim. 
EXPERIMENTAL RESULTS. 
P?*eparation of Pure Isopentane. 
A quantity of “pentane” was procured from C. A. F. 
Kahlbaum of‘ Berlin, who has kindly informed me that the 
substance is obtained as a bye-product in the preparation of‘ 
amylene from amyl alcohol, the admixed amylene being 
separated by means of bromine. The isopentane was shaken 
with concentrated sulphuric acid and afterwards repeatedly 
with a mixture of concentrated sulphuric and nitric acids. 
The action in each case was at  first somewhat violent, lout it 
nioderated after several additions of the acids had been made. 
After standing all night over sulphuric and nitric acids the 
isopentane was again repeatedly shaken with sulphuric acid- 
which was at first coloured a deep orange; i t  was then treated 
with a strong solution of potassium hydrate, washed with 
water, dried with solid potassiuni hydrate, and distilled*. 
* It is possible that the substance might have been satisfactorily 
The loss by evaporation would purified by treatment with bromine. 
probably have been smaller and the process less troublesome. 
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The greater portion came over below 32', but the temperature 
finally rose to  56' .  
The isopentane, which in addition to the higher-boiling 
impurity contaiiied a small quantity of a very volatile sub- 
stance, was then fractionated tell times, and was finally 
collected in two frnctioiis both of which boiled quite con- 
stantly a t  27O.45 under a pressure of 748.5 millim. 
P r o q f s  of Purity of the Isopentane. 
It seemed at first rather doubtful-from its method of 
formation and from its behaviour with sulphuric and nitric 
acids-whether the isopentaiie could be obtained in a pure 
state ; but the impurities were removed without much d i e -  
culty by fractional distillation, and the following evidence 
leaves no doubt that the substance was satisfactorily purified :- 
1. The two fractions boiled at  precisely the same tempera- 
ture and both quite constantly. 
2. The specific gravities of the two fractions a t  O0 were 
practically identical (0863925 and 0.63922). 
3. The critical teniperatures and pressures of the t w o  
frsctioiis were in very close agreement (see p. 609). 
4. The vapour-pressures of both fractions were determined 
at a great number of dif-ferent temperatures and agreed very 
well together. 
5. The vapour-pressure was found to be entirely indepen- 
dent of the relative volumes of liquid and vapour. The 
experimental results at two  temperatures, 90' ancl 140°, have 
already been published in a paper read before the Pliysical 
Society (Phil. Mag. Dec. 1894, p. 569 ; ante, p. 271) .  The 
object of the paper was to show that the vapour-pressare of' 
a pure substance a t  any teinperature is independent of tlie 
relative voluiiie of liquid and vapour ; but since it is well known 
that the vapour-pressure of an impure liquid docs depend 
on the volume *, the invariability of tlie vapour-pressure in tlie 
* It is true that  in a limited number of special cases R particular 
mixture of two substances at a given temperature exerts a lower vapour- 
pressure than any other mixture ( e .  9. foriiiic acid nnd water), or a 
higher vapour-pressure (e .  y. propyl rtlcoliol niid water), and that the 
vapour-pressure of such a mixture a t  that  temperature is independent of 
the reletire volumes of liquid and vapour; also that Y U C ~  a mixture 
VOL. YIII.  2 s  
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case of my speciiiien of isopeiitnne inay perhaps be adduced 
as evidence in favour both of the purity of this particular 
substance and of tha hchnviour of pure snbstances in general. 
In any case the other proofs of purity appear io be sufficient. 
ti. In the course of the deterininntions of the volume of a 
gram of vapour with a modified Hofin;inii',c vapour-density 
apparatus the vapour-prcssure was measured a t  a few tempe- 
ratures, and a comparison of these pressures with those read 
from the curves constructed from the data oltained by the 
dynamical method sliom~s that the agreement is satisfactory. 
Vapour-Pressure. 
1 Temperature. ' Statical. ~ Dynriinical. 
I 
I 10 85 405.G 403.95 
1 
~ 
Ap. j A?'. 
- 1.05 -t 0.05 
-4.0 I +o.f! 
7. The agroemeiit of the boiling-point, specific gravity, 
vapour-pressures a t  high teinperatnres, and critical constants 
with those of a specimen of isopeiitaiie prepared by G. L. 
Thomas and myself from amyl iodide. 
Boilii~~-Poin,t. 
The isopentane was always distilled over phosphorns pent- 
oxide immediately before being used for any determination, 
and there are thus a considerable number of observations of 
the boiling-point. They are given in the table below, together 
with the boiling-points corrected to 7GO inillirn. pressure. 
would boil at a constant temperatiire and distil uricliaiiged in composition 
under that  pressure ; but i t  has been found in such cases tliat the coni- 
position of the mixture which has a innximum or minimum vapour- 
pressure (and a constant boiling-point) differs to some extent at d i f h e n t  
temperatures (and pressures). In  such a case, therefore, i t  might be 
found at n certain tempern tiire that  the vapour-pressure of the mixture 
was independent of the relative volumes of liquid and vapour, but i t  is 
in the highest degree improbable that a similar result would be obtained 
\yith the same mixture a t  a widely different temperatrire. 
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The value of l l l 2 / d t  at the boiling-point = 26.2 millim. The 
boiling-point, calculated from the constants for Biot's formula, 
is 27O.95. 
1-- 
~ 1 2 . 4 C l I O X  A. i1 FRACTIOX B. 
1 Temperature. 1 Temperature. 1 
I- 745.4 
748.5 
749.0 
751.2 
783.5 
758.9 
759.1 
761.9 
--- I-- 
2793 ~ 27.85 
27*45 27.9 
27.6 1 27-95 
27.7 1 27.05 
87.95 * I 28.0 
28.0 "7.95 
28.13 I 277.95 
27.55 * ; 27.93 
27.9 * I 27.95 
Mean ...... 27.95 
- I,-- -i. 
_-- 
I 
- 1  
- 
! 27-45 27-55 27.6 , 
27.65 * I 
27.95 * 
28.0 
--. 
27.9 
27.9 
27.95 
27.9.5 
27.95 
28.0 ~ 
27'95 
1 Meaii ...... 27.95 1 
* The teinperatures marked with an asterisk were deteriiiiiied with B 
Geissler's normal thermometer. 
Bo2 1 hzg- P o  i i  It s by ot Ir e?. Obser iv TS.  
R.P. 
reduced to S a m  e. Reference. Pressure. 13.1'. 7Cj0 Inillilll. 
1. Schmidt . , . . , . . . Amrde)z ,  cclsvi. p. 282. 
2. Pamlewslii . , . . . 
3. Schiff . , . . . , . , . . A n ~ m l e ) ~ ,  ccxx. p. 87. 
4. Perkiii . . . . , . . . . . Trans. Chem. Soc. slr. p. 4.1.;. 
6. Thorpe aud Rodger Phil. Trans. clssxv. A, p. 453. 
6. Schorlemmer . . . . Proc. 1103'. Soc. xvi.  
7 .  Goldstein , . . . . . , , J. Rim. Uhem. Soc. 1882,p. 45. 
8. Beilstein and 
Kurbatow (' ' *  
9. Kurtz  . , , . . . . . . , Annalen, cxsviii. p. 22!L 1 . , . a ~ i . e s b .  xvi. p. 527. 10. PeIouse and Oahours 
11. Lachowitz , . . . . , Annutbrz, ccxs. p. 168. 
12. Frankland . . . , , Trans. Cheiu.Soc.iii.pp.R1& 481. 
13. Jus t  , . . . . . , . . , , Aizncrleiz, ccxs. p. I f K  
14 Landolt and Jahn . Z d .  Yhys. Chetn. x. p. 290. 
15. X I t s c ~  . . . , . . . . X ~ E .  xi. p. 590. 
Uer. xvi. p. 2633. 
Bel., xiT, p. 1G20. . .  
. .  
. .  
734 
7t;l) 
7 LiU 
0 0  C O  
31--3;: 31-33 
. .  31 
. I  ;;0.&31.j 
. .  29-33 
* .  30.4 
. ,  30 
. .  30.5 
. ,  30 
. . 28-30 
. I  30 
. .  29-20 
::U 31 
. .  80 
. ,  "8 
. .  23 
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Irish samples of amyl alcohol, and that they boiled within OO.06 and OO.02 
respectively, The observed boiling-points were :- 
From Irish amyl alcohol. , . . 38O.04, 
?I Scotch J ,  9 9  280*01. 
1. 
2. 
3. 
Obtained from Tromrnsdorff (from American petroleum) dried with pho6- 
Schmidt states that the saiuple phorus pentoxide and fractionated. 
contained a considerable quantity of normal pentane. 
Source not stated. 
Separated from commercial amylene by treatment with sulphuric acid 
Residue treated with concentrated 
Distilled and 
diluted with its own weight of water. 
sulphuric acid until the acid was no longer coloured. 
heated to 130° with sodium. 
4-6. Specimens prepared by Schorlemmer from petroleum. 
8. From Caucasian petroleum. 
9. From crude amylene by action of bromine. 
10. From American petroleum. 
11. From petroleum from Balicia. 
12. By action of zinc and water on amyl iodide. 
13. By action of zinc and hydrochloric acid on amyl iodide. 
14, 15. Separated from amylene by means of bromine. The substance is 
As these observations of the boiling-point of isopentane, 
with the exception of those of Lnndolt and Jahn, Mtschul, 
and Rodger, are considerably higher than mine, a specimen 
of isopentane was prepared by Thomas and myself from amyl 
iodide ; the method of preparation and the observations of the 
boiling-point, specific gravity, and critical temperature and 
pressure are given in a separate paper. These observations 
agreed perfectly with those described in this paper. The 
boiling-point was 27O.95 at 760 millitn. 
called ‘‘ pentane.” 
Spec;fic Gravity. 
The specific gravity of each fraction was determined at  two 
different tempera.t,ures by Sprengel’s method as modified by 
Perkin. The weighings were reduced to a vacuum. 
Temperature. Fraction A. Fraction B. 
O0 0.63925 0,63922 
14O.4 0.625 14 
13O-4 5 . . .  0,62614 
The specific gravity a t  0’ of the sample prepared by 
Thomas and myself was ,63935. 
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Speczyc Gravities by otheg- Observers. 
Name. Sp. gr. at to. sp. gr. at 00. 
Schiff . . . . . . . . . . . . . . . . . .  0.6282 a t  15.7 0.6416 
,¶ . . . . . . . . . . . .  0.6385 ,, 14.2 0,6526 
Just  ..................... 0.6375 ,, 13/13 0.6500 
Pelouse and Cahours . 0.628 ,, 18 0.6458 
Frankland . . . . . . . . . . . .  0.6413 ,, 11.2 0.6524 
Bartoli and .. , ,.. 
Landolt and Jahn , . .  0,62656 ,, 14'3 
9 ,  9 ,  . . .  0.62074 ,, 20'0 
0.6402 ,, 0 0.6402 Stracciati 
7 9  7 9  . . .  0'62472 9 9  16'2j Mean ... 0.64058j. 
9 9  97 . . .  0.62278 ,, 18'2 
Perkin. .  ................ 0.62479 ,, 15/15 0.63893 ,, 0.61590 ,, 25/25 0.63888 
The specific gravities at Oo were calculated froin the obser- 
. . . . . . . . . . . . . . . . . .  
vations at  higher temperatures by means of the formula 
Dt=0*63923- 0.03958 t -0*0513 t2. 
This formula agrees very well with my experimental results 
My observations agree very well with Perkin's, although 
the specimen examined by him boiled between 29' and 32O. 
It was prepared by Schorlemmer, ancl, no doubt, contained 
some normal pentane, the specific gravity of which differs but 
slightly from that of isopentane. 
up to GO0. 
Critical Constants. 
Fraction A. Fract,ion B. 
r---h--- > --A- \ 
Tern- Pres- Tem- Yres- 
perature. sure. perature. mre. 
millim. millim. 
With Aniline vapour as jacket ,., (1) 187.75 2,5020 1870.75 25000 
,, Quinoline ,, (1) 187.85 25030 187.85 25020 
(2) 187.8 25020 
(2) 187.9 25020 
. . . . .  
* Beibliitter, ix. p. 697. 
t Landolt and Jahn calculate the specific gravity at 0' as 0.64116. 
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Temperature. 
23z.O 
- 
The mean values are :- 
Critical temperature . . , 187O.8 
Critical pressure . . . .  25015 millim. 
The sample prepared by Thomas and myself gave the 
following results :- 
Critical temperature . . .  187O.8. 
Critical pressure . . . .  25030 millim. 
The critical volume of a gram, calculated by the method of 
Cailletet and Mathias from the mean densities of liquid and 
saturated vapour at  lower temperatures, is 4.266 cub. centim. 
Pressure. 
atm. 
29.76 
-- 
Critical Constants by otheia Observers. 
Temperature. Pressure. 
millim. 
Sc1iinidt , . . 19&0 
Pawlewski . . 194.8 
Altschul . . .  187.1 25300 
It may be pointed out that Schmidt’s sample of isopentane 
contained some normal pentane, which would raise the critical 
temperature, and that Pawlewski’s observations of critical 
temperature are in most cases somewhat higher than mine. 
On the other hand, those of Altschul agree well in the few 
cases that can be compared. They are given in the table 
below :- 
Normal Hexane .. 
Benzene.. ............ 
Chlorobenzene ..... 
I 
Temperature. 
252.5 -1 
290.5 
362.2 
Pressure. 
atm. 
3 0 0  
50-1 
-- 
...... 
-- 
I 
359.3* 1 ...... 
* Corrected for error in the boiling-point of mercury, 
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Vapour-Pvessures at Low Temnpeyatuws. 
The vapour-pressures at tempera.tures below the boiling- 
point under atmospheric pressure were determined by the 
dynamical method of Ramsay and Young (Trans. Chem. Soc. 
slvii. p. 43). 
For  temperatures below 0' a thermometer by Warmbrunn, 
Quilitz, & Co. of Berlin ws?,s employed ; it had been stan- 
dardized by the Physikalisch-Technische Reichsanstalt. The 
effect of alteration of pressure on the readings of the thw- 
mometer was ascertained and allowed for, and the very sinall 
correction for the heated column of mercury in the stem of 
the thermoineter was also applied. 
The logarithms of the vapour-pressures were mapped ngczinst 
the temperatures, and the values at each ten degrees were read 
from the curve. The observed pressures are given in the table 
helow, and the pressures at  even temperatures in the table on 
p. 613. 
Vapour-Pressures at Low Temperatures. 
- 3383 
-31.38 
- 3029 
- 28.88 
- 26.53 
+2.55 
5.6 
9.0 
- 31.08 
- 29.47 - 29.04 
f 0 4  
2.75 
6.66 
millim. 
52.7 
53.95 
57.5 
68.3 
71.0 
290.5 
330.8 
377.3 
54.75 
60.1 
61.75 
262.6 
302.0 
341.3 
Sample A (1). - 
millim. milliin. 
-2g.18 71.85 -12986 143.4 
-23.59 1 83.3 I--12.71 1 14415 
-23.01 84-9 - 9.45 168.4 
-16.13 1 122.1 1 - 6.45 1 193.5 -20.45 98.0 - 6.53 193'05 
Sample A (2) .  
11.65 422.5 20.9 58'7.6 
14.9 473.3 23.35 642.5 
17.95 1 5294 1 25.95 1 705.2 
-25.91 - 22-33 - 18.06 
10.05 
13.2 
16.35 
Sample B (1). 
73-45 -14.24 134.05 
110.95 I - 7.01 i 189.35 88.9 -10.38 1131.38 
Sample B (2) .  
389.7 19.05 550.7 
441.1 607'1 
499% 1 ii:i 1 661.2 
- 3048 
-0.81 
fW10 
millim. 
221.6 
219.7 
259.1 
-482 208.85 
-2.44 1 232.3 
+0.07 259.4 
26.2 712.0 
28.05 760.65 
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Vapour-Pressurea at High Temperatuws. 
The volumes of a gram of liquid and saturated vapour and the 
vapour-pressures at temperatures above the ordinary boiling- 
point were determined with the pressure apparatus employed 
in my previous researches. The tube containing the isopentane 
was heated by the vapour of pure liquids boiling under known 
pressures (Ramsay and Young, Trass. Chem. Soc. xlvii. p. 640; 
Young, ibid. lv. p. 483). The temperatures are those of an 
air-thermometer. The pressures, determined by means of 
air-gauges, are corrected for (1) the difference in height of the 
columns of mercury in the air-gauge and volume-tube ; (2) 
the expansion of the heated column of mercury; (3) the 
pressure of the column of isopentane ; (4) the deviation of 
air from Boyle’s law, as determined by Amagat. 
There were eight series of determinations, and, as a rule, 
four readings of pressure were taken at  each temperature, the 
volume being altered as much as possible. The individual 
readings agreed very well together, and the mean values only 
are given in the following table (p. 613).  
The constants for Biot’s formula 
logp=a + bat + cpt  
a= 11.371605 ; 
b= -8.030139, log b=0*9047231, 
are given below. 
c =  - 10575796, log c-0*1975000 ; 
- 
log a: = 1.99968451, 
log,B= 1.99484097, 
t= to  c. + 30. 
- 
The vapour-pressnres calculated from Biot’s formula are 
also given in the table. 
. .  . . . . . . . . . . . . . . . . . . . .  I : i i iFt3 ; j i i i i i ; i i ; i i i ; i i i ; ; ; . .  : .  . :cQz. . . . . . . . . . . . . . . . . . . . . .  I I :  . . *  . . . . . . . . . . . . . . . . . . . .  4
* 1 -  
2 4 1  : : : : : : : . c  . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  -c  . . . .  . . .  : i ; E  i i  . . . . . . . . . . . . . . . . . . . .  L i I j i  ; ; ; ; i i i  x i ; ;  i 
. .  P 
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Volumes of a Gimn of Liquid and Vapoug*. 
In the first three series the inass of substance was deter- 
mined by observing the volumes of liquid at  a series of 
temperatures. These volumes were mapped against the tem- 
peratures and curves drawn through the points. The values 
at Oo, 13O.45, aiid 14'04 were read off and were multiplied by 
the specific gravities at  those temperatures. 
For Series 1V. aiid V. coinparisons were made of the volumes 
of liquid and also of unsaturated vaponr at a large number of 
different temperatures and pressures with those read from the 
curves constructed from the data obtained in the previous 
series. 
The mass of substance in Series VI. was similarly ascer- 
tained by comparison of volumes with those read from the 
isothermals of Series IV. and V. at the same temperatures and 
pressures. So also with the remaining series, the calculated 
mass depended in each case on the data obtained in the pre- 
ceding series. 
A series of determinations of the volumes of unsaturated 
vapour was afterwards made by Thomas and myself in a 
modified Hofmcznn's apparatus, the mass of isopentane being 
determined by direct weighing. The smallest volumes of a 
gram in this series were nearly the same as the largest in 
Series VIII. with the pressure apparatus ; and as the isother- 
mals constructed from the observations with the modified 
Hofmann's apparatus were quite continuous with those of 
Series VIII., the determination of mass in this series-which 
might be charcred with the cumulative errors of each preced- 
ing determination-was shown to  be accurate. 
O&ioba& Volumes of a GYg*ana of Liquid. 
9 
The volumes a t  Oo, 13O.45, and 14'04 were calculated froin 
the specific gravities at  the same temperatures. The observn- 
tions were made under atmospheric pressure, but the correction 
of the volumes to the true vapour-pressures has not been 
made, as the difference would be inappreciable. 
I n  the pressure apparatus the volumes of liquid up to 180' 
were read directly, the vapour being completely condensed 
and the pressure made as nearly as possible equal to the 
vapour-pressure. At and above 140° the liquid is very com- 
pressible, and the 7rolumes were therefore calculated from a 
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series of readings of the volumes of vapour and of the total 
volume of liquid and saturated vapour at each temperature 
by the method described in the Trans. Chem. Soc. Ixiii. 
The volumes of liquid (when all vapour is condensed) and 
of saturated vyiour (when all liquid is evaporated) may 
also be ascertained very siniply by the following graphical 
niethod :- 
Let tho total volume (liquid. and uncondensed vapour) at  
p. 1200. 
any reading=V. 
> f  
Y >  ,, of liquid when a11 condensed=A. 
volume of saturated vapour at the same time=v. 
,, of saturated vapour when all evapo- 
ratio of the specific volume of saturated yapour to 
volume of liqnid ( L e .  V-r) =A-n. 
?3 
rated= B. 
,, 
I J  
that of liquid = R. 
Then the voluin~ of vapour, v =?in, 
and the totill VOIUIUB, 
or V =A+n(R-1). 
V =A-n + nR, 
Call 
V = A +  - R-? nR then R 
=A+cv. 
If' 'cve mal) the total volumes, (VI, V,, &c.) against the 
volumev of saturated vapour (q, v2, &c.) and draw a straight 
line through the points, then when 
v=O, V=A, 
and when M=Q, V=B. 
ing = B - nz. 
Again, let the volumes of saturated vapour U at any read- 
Also call the volume of liquid v' when the total voliinie=V, 
m 
R' so that v'= 
pn 
Then the total rolurne, V=  B-ut+ a 
R- 1 
R =B-m. ' 
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Make R.l=c'. 
then pn 
'B V=B-(R-l) 
= B . . C'V . 
I f  we map the total volumes VI, V. &c., against the volumes 
of liquid q'. ..... &c., then when 
v'=O. V=B. 
and when d=V. V= A . 
The first method is better suited for the volumes of satu- 
rated vapour. the second for the volumes of liquid . 
The orthobaric volumes of a gram of liquid. calculated from 
the experimental data. and also those read from the curves con- 
structed from the observed values are given in the following 
table :- 
Orthoharic Volumes of a Gram of Liquid . 
Temp . 
-. 
8 
10 
13.45 
14.4 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
176 
180 
183 
185 
186 
187 
187.4 
From 
Specific 
Gravities . 
1 *5644 
1 -597 1 
1.5996 
.- 
0 . c . 
...... 
...... ...... ...... ...... ...... ...... ...... ...... ...... 
...... ...... ...... ...... ...... 
...... 
...... 
...... ...... 
...... 
...... 
...... 
...... ...... 
...... 
Series I . 
.-- 
c . c . 
1.5885 
1.6140 
1- 6415 
1.6700 
1.7005 
1.7330 
1. 7680 
1.3045 
1.8475 
1 %945 
1. 9455 
2.0040 
2.0720 
2. 1525 
2.2490 
...... 
...... ...... 
...... 
...... 
...... ...... 
...... ...... ...... 
...... 
...... 
...... 
Series I1 . 
. 
0 . c . ...... ...... ...... ...... ...... 
1.642 
1.670 
1. 700 
1.734 
1.768 
1.806 
1.847 
1.894 
1 -945 
2.003 
2.072 
2.156 
2. 252 
2.378 
2.555 
2.859 
3.183 
3'500 
...... 
...... 
I.. I.. 
...... 
...... 
Series 111. 
.- 
c . 0 . ...... ...... ...... ...... ...... 
...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... 
2.153 
2-248 
2.377 
2.555 
2.707 
3.020 
3.303 
3.622 
...... 
...... 
...... 
...... 
Mean . 
c . c . 
1.5644 
1. 5885 
1.5971 
1.5996 
1fi140 
1.6415 
1.6700 
13'005 
1.7335 
1.7680 
1 . 8050 
1.8475 
1.8945 
1.9455 
2.0035 
2.0720 
2. 1540 
22495 
2.3775 
2.5550 
2.7070 
2.85'30 
3.0200 
3.1830 
3.3030 
3.5000 
3.6220 
...... 
From 
Uurves. 
c . c . 
15644 
1.5885 
1. 5972' 
1.59964 
1.6141 
1.6413 
1.6700 
1.7005 
1.7329 
1.7679 
1.8085 
1.8475 
1.8940 
1.9455 
2.0037 
2.0720 
2.1830 
22500 
2-3780 
2-5550 
2.7070 
2.8580 
3.0200 
3.1830 
3.3020 
3.5000 
3.6220 
4.2660t 
* Prom densities calculated from the formula 
t By the method of Cailletet aud Mathiae . 
Ut=0*63023-O0.O,958 t . G.0, 13 t 2  . 
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Orthobaric Volumes of a Gram of Vapour. 
The volumes of saturated vapour were determined by three 
different methods :- 
I. With the pressure apparatus from a series of four 
readings of the total volunie of liquid and uncondensed vapour 
and of the vapour at each temperature at and above 1 1 0 O .  
This method (Trans. Chem. Soc. Ixiii. p. 1200) gives very 
b good results a t  high temperatures, but is not accurate when 
the ratio of the volume of a gram of saturated vapour to 
that of liquid is large. It has been described and recom- 
mended by Amagat (Compt. Rend. cxiv, p. 1093). 
The graphical method described on p. 614 may be employed 
to ascertain the volume of saturated vapour when -all the 
liquid is evaporated, and this, divided by the mass of substance 
in the tube, gives the volume of a gram of saturated vapour. 
11. By heating a known quantity of liquid in a graduated 
sealed tube (Young, Trans. Chem. Soc. lix. p. 37;  lxiii. 
The method was originally devised for the purpose of deter- 
mining the specific volumes (both as liquid and as saturated 
vapour) of liquids that attack mercury, but it has been found 
very convenient-in a modified and simpler form-for the 
determination of the volumes of a gram of the saturated 
vapours of ordinary substances whose specific vohmes, as 
liquid, are known. The form of the sealed tube, the method 
of filling it, and the arrangements for heating it, are the same 
as areAdescribed in  the paper referred to (vol. lix. pp. 40 and 
41), but it is, of course, unnecessary to keep the lower part 
of the tube cool, and the water-jacket below is therefore not 
required. 
The tube A is a t  first placed in the position shown in the 
diagram (fig. 1) , with the level of the liquid in the tube below 
the condensed liquid B in the jacket. The liquid in the bulb 
C is then boiled-with the pressure rather lower than that cor- 
responding to the lowest temperature required--and when the 
vapour has reached the condenser * D the sealed tube is slowly 
pushed up through the indiarubber tube E until the whole 
of the liquid in it is well above the surface of the “d 
liquid B. The indiarubber tube should be kept under water 
for a day or two before being used, and shodd. be surrounded 
by water until the sealed tube has been pushed “P into its 
* For liqilids boiling &ove 160’ a condenser is not required. 
p. 1201). 
618 PROF. SYDNEY YOUNQ O X  THE 
C -  
Fig. 1. 
TBIiiRNAL PROPERTIES OF ISOPEXTANE. 619 
final position, otherwise. considerable difficulty may be expe- 
rienced in inoving the sealed tube through it. The little 
glass tube I?, filled with mater and provided with a very short 
indiarubber tube G moving easily over the sealed tube, serves 
to keep the indiarubber tube E moist. The sealed tube is 
easily centred Ly means of a perforated cork H, held in 
position by a claxnp and retort-stand. After the tube is in 
position tho pressure under which the liquid in C is boiling is 
slowly raised until it corresponds to the required temperature, 
and a reading of the height of the liquid is then taken. A 
second reading is then taken after two or three minutes, and 
if the voluine of liquid is smaller readings are taken from 
time to timc until constancy is attained. 
At moderato temperatures the volume of liquid should 
become constant almost immediately, but near the critical 
point thc evaporation of the liquid becomes much slower, and 
this is especidy the case if any appreciable amount of air or 
permanent gas is left in thc tube. The amount of permanent 
gas must be exceedingly small, otherwise the results obtained 
are found to be inaccurate, owing probably to partial conden- 
sation of the vapour on the sides of the tube. 
After the reading has become constant the pressure is again 
slowly raised-care being taken not to drive down the vapour 
below the top of the saalcd tubc-until the next temperature 
is reached. 
If the top of the tube is cooled, condensation takes place 
in it, and there is danger of liquid remaining in contact with 
the walls of the tube, and of the apparent volume of liquid 
being therefore too small. 
For the same reason it is advisable to begin treating the 
tube in the manner described, for if the tube were placed in 
its final position at the beginning of the experiment the liquid 
would boil and would collect at the top of the tube. 
111. From the isotherm&; the points of intersection of 
the curves representing the unsaturated vapour with the 
horizontal lines of vapour -pressure give the volumes of' 
saturated vapour. 
The logarithms of the volumes were mapped against the 
temperature, and the smoothed values read from the ~ r v e .  
These are given in the following table together with the 
wlues obtained hy the fhrw methods described aho1.e. 
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Series. 
I. 
11. rir. 
IV. 
v. 
TI. 
VII. 
V I I t .  
Speciiiien of 
Isopen tane 
ein plojed. 
d 
A 
B 
A 
13 
B 
I3 
B 
___- 
Data obtained. 
Volumes of 1iq:iid up to l . iOo. 
Tolumes of liquid to  critical point; a 
Jew volumes of unsat ui-ated rapour at 
mid above 17Go ; volumes above the 
critical point to  280'. 
Volumes of i~nea t~ i ra ted  vapour from 
140° to critical po in t ;  volumes above 
critical point to 280O. 
Vuluiiirs of'v.apour at and above 90°. 
9 f  5 ,  I ,  50°. 
9 9  9 9 9  30". 
In &rim VI. to VIII. the ~ o l u m e s  were determined at  
temperatures up  to 280'. 
Cowection of .Pwssuws.--Iii addition to the corrections 
for the difference in height of the coluuins of mercury, the 
expansion of' the heated column, and the deviation of a i r  froin 
Boyie's law, there is another which is of importance a t  the 
highest teniperatures, but is somewhat difficult to estimate. 
This is the correction for the yapour-pressure of mercury. 
It has been proved esperiinentally that' the vapour of 
mercury penetrates a column of liquid over it with extreme 
slowiiess, and no  correction lias therefore been applied in the 
measureinelit of the vapour-pressure of isopen t:iiie or even of 
other subataiices with much higher critical temperatures. 
When, however, there is only gas over the inercury the 
vapour of'the metal diffuses slowly through it, the rate of 
diffusion increasing as the pressure of the gas is diminished. 
Even with the smallest quantity of isopentane at its largest 
volume, when the pressure of the gas was little over an ntmo- 
sphere, the maximuin pressure at 280' was not attained until 
after about four hours' heating. It is quite certain that with 
the larger quantities of substance a much longer time would 
be required, and as it was impossible, owing to other work, 
to keep the tube continuously heated for more than four or 
five hours, the only plan was to make an approximate estimate 
of the pressure exerted by the inercnry-rtipour. 
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I n  t'he determinations of' the volumes of a gram of un- 
saturated vapour the readings were always taken with di- 
minishing volume, and at the higher temperatures the tube 
was heated for several hours with the substance a t  its largest 
volume. Readings were taken at short intervals, and were 
plotted against the time so as to get an idea of the rate of 
increase of the pressure. 
The time-curves at  280" for the last three series are given 
in fig. 2. I t  will be seen that in Series VIII. the rise of 
pressure was at  first very rapid, but that after two hours i t  
bad become very slow, and that the pressure after four hours 
was practically constant. The vapour-pressure of mercury at 
280' is 158 milliin., and the measured rise of pressure was 
85 millirn. The difference is, no doubt, due to the fact that 
the readings could not be begun until after the tube had been 
heated for some little time. 
In Series VII. the rise was at  first not quite so rapid as in 
Series VIII., and it was not until the tube had been heated 
for six hours that approximate constancy was attained. I n  
this case the measured rise of pressure was 110 millini. 
In Series VI. the rate of increase of pressure was much 
slower than in the later series, and the pressure was far from 
constant after five hours ; the last reading was 78 millim. 
higher than the first. 
It appears then that with the two smallest quantities of' 
iaopentane the mercury-vapour, after a sufficient time, exerted 
its full pressure, but that with the larger quantities the maxi- 
muni pressure was not attained ; also that when there is a 
column of liquid over the mercury no appreciable pressure is 
exerted by the vapour of the metal. 
It was assumed that in Series 11. and 111. the vapour- 
pressure of the mercury amonnted to one fourth of its maxi- 
mum value ; in Series IV. and V. tto one half, in Series VI. 
to three quarters, and that in the last two series the full 
vapour-pressure was exerted*. 
The time-curves for Series VII. and VIII .  show that the 
error caused by assuming that the mercury-vapour exerted 
its full pressure cannot amount to more than one or two 
* I n  Series VII. the tube was heated €or six hours et  260" and 280°, 
and for over four hours R t  200" and 220". 
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niillim. in  Scries TTIII., and to three or f'onr n> i l l i~n .  in Series 
VII. ; and it is w r y  unlikely that in the other series the error 
can amouiit to so much as n fourth of the innxiinurn \7apour- 
pressure of mercury. I n  Series VI., for instance, it is certain 
that the actual pressure exerted by the mercury-val our was 
greater th:iii half and less than ilie whole inasiinuin pressui e.  
At %SO" the vapour-pressure of mercury is 158 ~iiilli~ii., tile 
rise of pressure actiwlly measured 78 ~iii l l i i i i . ,  and the 1)ressure 
assumed to be exerted by the inercury vapour 118 niilliin. 
The error is therefore considerably less tlinn 40 Jnillim. At  
the larged ~01uine the uncorrected pressure was (51 74 iiiilliiii., 
and  tlic extreme error would therefore be under 0.7 1)er cent. 
This i:, by far the worst cuse, for tlie vapour prw;:ure of 
111 e rc II 1-y (1 i in i a i  sh e s rapid 1 y wit 11 fa 11 of ten1 pe IX t U re, w h il s t 
with the larger quantities of isopeiitaiie the total pressure is 
proportio~iately increased. Thus, at 2 0 "  (Series VI.) the 
extreme error, calculated in the same way, woiild be 0.4 
per cent., a t  240' 0.25 per cent., a t  200" 0.08 per cent., ivhilst 
at 280" (Series V.) i t  would Le &t over 0.2 per cent., and at  
280" (Series 111.) less than 0.1 per cent. 
At teinperatui-es above 150" tlicl jacketing tube was pro- 
tected frolu draughts ancl from loss of heat by radiation by an 
outer cylindrical glass tube about 8 or 10 niillini. wider than 
the jacketing tube, the space a t  the top between the two tubes 
being closed by nebestos to prevent the upward current of air 
which would otherwise be formed. It was still possible that 
the tuhe containing the isopentaae lost soine heat by radiation 
and that, its temperature was therefore a little too low. 
I n  order to find whether this was the case the outer glass 
tube was covered with sheet asbestos after the eleventh 
reading at 280" in Series VIII. had been taken. It will be 
seen that the last two readings, with the tube doubly pro- 
tected, fall accnrately on the time-curve constructed from the 
previous reading$. 
Similar experiments had been made with the 1 rger quaiiti- 
ties of isopentane, but in no case v a s  any alteration Iiroduced 
by covering the outer tube with asbestos. It may therefore 
be concluded that up  to %SOo the cylinclricnl glass tube affords 
wfficient protection from radiation. 
The cslwrinir~nfal results arc g i w n  i n  the follou.ing 
'r;iblc,i :-- 
. - -  
Teinp 
100. * .  
_L_ 
1 
~ 
1.5O.6 . 
noo.. . . 
400.. , . 
50°. . . , . 
1000 ...I ,5360 
8130 
11730 
15410 
"0410 
26740 
Temp. 
looo . ,  
(C012t . )  
1 1 0 O  . .  
130' .. 
140" , .  
L50' ... 
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V 01 u me, 
cub. CUI. 
2.791 
2.700 
2.608 
2-6 1 7 
2.426 
5.739 
5,371 
4.999 
4.628 
4.268 
3.892 
3.523 
3.340 
3.156 
2.974 
2.882 
2.792 
2.100 
2.608 
2.518 
2.$26 
5.740 
5.372 
5.000 
4 6'9 
4.259 
3892 
3,523 
3.340 
3.157 
2-976 
2.883 
2.792 
2 700 
2.609 
2.518 
5.741 
5.372 
5.001 
4.630 
4.260 
3,893 
3.524 
3.340 
3.157 
2.976 
2.883 
2.792 
2.701 
2.609 
5.742 
5.374 
5.002 
--- 
-.  
Temp. 
soo . 
- 
40° . 
500 . 
60O . 
i o o  ., 
soo .. 
goo .. 
looo .. 
lloo .. 
120° .. 
130° .. 
1-710 11 
SERIES 11. 
40560 
?ressurr 
milliru 
1,811 
1.'7!)3 1 
1.894 I 
800 
7920 
15180 
314UO 
46780 
1 lCI0 
7900 
15140 
31350 
46710 
1535 
7930 
15200 
31450 
46860 
2037 
7930 
15200 
31450 
46870 
2656 
7930 
15190 
31430 
46830 
8010 
15340 
31720 
47250 
4280 
8000 
15310 
31680 
47220 
5350 
7990 
15300 
31660 
47170 
6583 
8000 
15300 
31660 
47180 
8020 
10190 
20340 
3 1690 
47200 
9685 
15340 
25710 
3385 
185O .. 
1.652 
1.700 / I  
1.695 / /  
1.678 
1.690 1 lWO .. 
1.669 
1.734 1 ;  
1.729 I 
1.723 II 
Pressur 
milliln 
367iC 
4725c 
1164C 
1523C 
2554C 
3662C 
4692C 
13800 
17630 
25560 
36650 
46950 
16320 
17380 
19980 
25200 
31100 
36130 
-- 
1%U6 I 
1.799 
1.791 1800 .. 
1.774 
1.759 
1.847 ' 1  
1,842 I/ 
1,888 
1 %75 
1.853 
1.833 
1.948 
1,943 
1927 
1.897 
1.872 
2 003 
1.999 
19iO 
1.946 
1916 
2,072 
2.048 
2,019 
36130 
40540 
46270 
22370 
23440 
27260 
31100 
36130 
40550 
46260 
24C00 
24260 
25170 
27220 
29640 
32630 
36060 
40470 
46170 
1 8 7 O - 8  1 24900 
Critical) 24060 
24990 
25000 
25010 
25020 
25070 
25190 
25650 
l 26670 
Volume 
cub. cm 
1.989 
1.966 
2.158 
2.133 
2 090 
2 0c50 
2.021 
2,252 
2,219 
2.168 
2,118 
2.081 
2.378 
2.360 
2329 
2,279 
2237 
2205 
2.182 
2.156 
2,555 
2,512 
2-425 
2.354 
2.307 
2.27.5 
2,238 
2 859 
2.756 
2.602 
2.617 
2.439 
2.388 
2.338 
3.113 
3 os2 
2.928 
2.7 '73 
2.673 
2.594 
2.522 
2.458 
2.395 
5.739 
5.371 
4,999 
4.638 
4.258 
3.892 
3,523 
3,339 
3- 156 
2974 
___- 
Temp. 
187O-8 
(Critica 
(co7zt.) 
190° . 
- -- 
195' .. 
200° .. 
210" ... 
Pressurl 
millirii 
2911C 
31330 
34600 
39480 
46740 
25,550 
2566U 
25760 
25860 
25880 
25930 
26170 
26410 
26980 
28230 
29300 
30930 
33300 
36820 
41900 
4931 0 
21010 
27220 
27430 
25630 
27840 
28 100 
28610 
29130 
30090 
31790 
33150 
35110 
37900 
41810 
47470 
28410 
28720 
20070 
29120 
29790 
30340 
31180 
51970 
33240 
35450 
37070 
39380 
42490 
46880 
31170 
32350 
31740 
- 
Temp. 
2100 .. 
(C072t.) 
_c_ 
2200 .., 
Temp. 
Pressurt 
milli m. 
Pressure 
millim. 
33Or20 
33590 
34830 
35500 
36420 
37730 
30640 
41 000 
42710 
44980 
45020 
33910 
32700 
35570 
36510 
37790 
38540 
39410 
40440 
4 1750 
43620 
:Lib. cm. 
7.177 
6.954 
6-73 1 
6.507 
6.282 
6 0.57 
5 963 
3.303 
3.0:iO 
2.909 
2.822 
2.75 i 
2.704 
6.93 4 
6.505 
6 OB7 
5.832 
54.308 
5.384 
5.126 
3.603 
3.492 
8.388 
3.282 
-- 
(3.622 
1 
160° .. 
- 
2.377 
2.375 
2-350 
2.325 
2,296 
16320 
16420 
18220 
20440 
-_- 
l76O . .  
( c m t . )  
23290 I 27110 
32420 
2.505 
2.467 
2.426 
-I-- 
18GO .. 
I 
-_- -- ~ 
46311 220° 44830 3.250 !!GOT/ 47280 
4.261 1 (cont.j"i 46250 33:; I /  ( m i  ,) 1 48010 
3.894 480ti0 48800 
3 710 1 230' ... 35620 5.745 11 250° .. 42020 
3..525 37700 5.377 43609 
3341 1 38860 I 5.004 I /  45420 
3.1 $58 I /  40160 4633 1 1  46480 
3.066 1 41780 1 4263 ./ 47510 
2975 j 1 42800 4.079 1 48 150 
2.854 1 43970 3 8%; 1, 48760 
2793 I I 45400 3 712 I 2@J0 ..., 44470 
5.375 47293 I 35% ,I 36193 
5003 1 48430 I 3435 I 47550 
48030 
4.262 I 40820 5378 I 48GW 
4 078 $2140 I 5.006 , 970' ... 47350 
44870 4449 48400 
5.744 I 1 46230 1 3619 1 455TO 
4 632 I /  240° ... 
3.895 i 43840 ' 4.634 1 47880 
39350 I 5 947 1 
45980 4,264 1 48d3U 
I 3.348 
2.264 
2.237 
2.193 
2 170 
2.140 
2.126 
I I  
183' .. 
volume* /I Temp. wb. om. 
2.273 
2249 
7.397 
7.286 
7.176 
7.004 
SER~ES 111. 
I 
1 
1 
1 
170° ... 
15B3 ... 
38010 
43000 
49570 
58680 
19120 
19290 
20470 
23320 
27 120 
32430 
38020 
43010 
49580 
53630 
20970 
21810 
23320 
25090 
2.555 
2.545 
2.513 
2455 
2.399 
2.339 
2.292 
2,258 
2.218 
2.199 
2.707 
2.660 
2602 
2.551 
Pressuri 
milliin. 
27130 
29550 
32450 
35970 
40370 
46070 
49610 
037 1 0 
23160 
23210 
23260 
23300 
23310 
23k0 
24160 
25080 
27120 
29530 
32430 
35950 
40350 
46040 
49570 
53680 
-- 
1 Temp. 
cub. CUI. I , 
2.429 
2.372 
2-343 
2.314 
?I*cssurc 
niillim 
23900 
24033 
24130 
24230 
24200 
24360 
24370 
25i'lO 
26080 
27 150 
25300 
39560 
24350 
24570 
24740 
24800 
84840 
24870 
24880 
2&90 
24910 
21990 
25 120 
Temp 
1 8 7 O . 4  
-- 
(cont., 
1870.7 
Critica 
187O.8 
Criticn 
188O.O 
188O.3 
goo ... 
 press:^^ 
milhit 
25251 
2(iO7' 
2&24 
27 15: 
2731: 
2830: 
2847: 
2443( 
2435( 
2 4 A4( 
2475( 
2482( 
2488C 
2 49K 
24971 
3500C 
2501c 
250SC 
2303C 
25ORC 
2504C 
25110 
25610 
2614C 
26,970 
28430 
3079lJ 
34570 
40670 
46050 
49530 
53630 
24910 
2eo10 
25070 
25000 
2.3 100 
25 100 
25110 
25 1 30 
2851 60 
25300 
24040 
25070 
25140 
25170 
25180 
25190 
25 190 
25210 
25230 
25250 
2.5 400 
24920 
1'01 U I I1 E 
cub. CII: 
390% 
3.016 
2 9!E 
"900 
2.883 
2% 18 
2 807 
6.954 
6.731 
6.509 
6282 
6,057 
5.832 
5 608 
5.35 4 
B .  I ti0 
4,933 
4.718 
4*268 
3 854 
3.603 
,1382 
3.160 
3 050 
2,939 
2 899 
2.7 I 8  
2 m 8  
2497 
2.431 
2.994 
2.36 1 
6 0 5 i  
5.608 
5.160 
4.716 
4495 
4268 
4*046 
3.824 
3.tiO3 
3,354 
6,057 
5.608 
5.160 
4.938 
4..716 
4.492 
4.268 
4.046 
3.824 
- -  
3-603 1 
3.382 1 
6.934 I 
T e m p  
190" . 
(CO/[ f.' 
_ _  
193" . 
!0O0 . 
'050 .. 
i 
Pressiii 
niilliir 
2.3 1 8  
2540( 
25,59( 
2571 ( 
%78( 
2585( 
259.x 
2604( 
2630C 
2004 
28XC 
301fC 
32iSc 
3081( 
5332c 
260X 
2641C 
2(i74U 
2705c 
27390 - I O 0 0  
278 I O  
28150 
28450 
28080 
30000 
30'80 
32220 
34500 
37 I -50 
41770 
48930 
531 50 
27 180 
27630 
"080 
28520 
28890 
293 I0 
2,0750 
30410 
30030 
31740 
33 1.50 
34310 
859 I O  
38520 
41710 
46900 
53160 
282!10 
28820 
2:,300 
430s~  
g-- 
- 
2100 
220° 
230" 
.. 
3109( 
3 1 is( 
32i4C 
3349C 
:31t5GC 
363'7C 
3'776C 
423M 
4626U 
,5809C 
203.50 
30000 
30660 
31340 
32030 
S9S40 
33730 
3,5040 
;K3010 
37410 
30580 
41210 
43300 
46580 
61040 
539 1 0 
31480 
32330 
3:32(i0 
34170 
?,5 181 
30330 
3 i i 3 0  
30740 
41080 
43 100 
44460 
4G150 
484.50 
6 1 170 
53!JtiO 
3y( i 10 
:Mi50 
357.30 
31i940 
38,tiO 
3'3800 
41 750 
44440 
4(i3(iO 
47640 
.wmr 
Volume.  
cub. cm. 
2iOo . . . '  41 870 
43670 
4-ii9n 
48030 
49320 
5OiO0 
522'30 
A l i0  
5.61.5 ~I 5:3000 
5.167 260° .. 30550 
4.721 1 4 1440 280' .. 
48240 
4rmo 
47690 
48020 
50430 
b% 170 1 2500 ... 
~ 
53080 4.388 
F' 
I 150' . 
I 1 l G O o  ., 
I 
1 
__- 
Dressure. 
niilliin. 
12870 
131% 
13370 
13600 
13.520 
14080 
146i0 
__- 
___- - _-_ _.____ 
! 
Volume. ; Pressure. Volume. ' 
cub. cui. ' I  ' ! millim. 1 cub. cm. 
13.15 I 188' . . . I  23030 ' 7,585 
_ _ _ ~ / _ _ _ !  i --, 
1 *230 
190'30 
1 9, vKJ 
'30xio 
20750 
20920 
14730 
154 00 
161;10 
l(iO10 
17730 
1 SCiW 
19.540 
204iO 
2 1,760 
21770 
221130 --- .,O.,(jO 
1-It)OO 
1 ,5590 
1 ri:i30 
1 i 140 
18000 
IS9 0 
19880 
20850 
21 820 
'"80 
_- - 
231 80 
23260 
15020 
1,5720 
16480 
17300 
18190 
19130 
w110 
21 130 
1 Temp. 
187 O.8; 
(Critical 
(cont.) 
-- 
1900 .. 
195O .. 
2000 .. 
2100 .. 
Presswe 
millim. 
17510 
18430 
19390 
20400 
21480 
22560 
23570 
24430 
249 10 
25000 
86020 
25030 
15310 
16040 
16840 
17690 
18600 
19590 
20640 
21750 
22880 
23940 
24900 
25540 
25820 
16610 
16370 
17180 
18070 
19030 
20080 
21200 
22400 
23630 
24880 
26020 
26980 
27650 
15910 
16680 
17530 
18450 
19470 
20560 
21740 
23030 
24380 
25790 
27140 
28390 
29500 
16490 
Volume. 
:ob. om 
15.68 
14.40 
13-16 
11-91 
10.67 
-- 
9,440 
8.805 
6,970 
5,740 
5.125 
4505 
3*890 
19,41 
18.17 
16.91 
1565 
14.40 
13.16 
11.91 
10.67 
9.440 
8.205 
6.970 
5.740 
4.505 
19.42 
18.16 
16.91 
15.65 
1440 
13.16 
11.91 
10.67 
9.440 
8.205 
6 W O  
5-740 
4.805 
19.42 
18.17 
16.92 
15.65 
1441 
13.16 
11.92 
10.68 
9.445 
8.205 
6.970 
5.740 
4.505 
19.42 
Series IV.  (continued). 
Temp. 
2100 .. 
(cont.) 
2200 .. 
230° .. 
2400 ., 
~- 
28820 
24280 
25840 
25590 
29300 
31 150 
33260 
1ioii0 
17930 
18900 
19960 
21150 
22430 
23870 
25500 
27270 
29250 
31 440 
33860 
36930 
17630 
18540 
19560 
20690 
21940 
23350 
24930 
26690 
28690 
30940 
33h5O 
30570 
40630 
18210 
19170 
20250 
21450 
22780 
24300 
25980 
27960 
30120 
32690 
35700 
I Pressure.( VoGine 
millim. I cub. ctii 
17310 I 18-17 
18320 16.!42 
19220 , 1566 
20300 I 14.41 
21500 13.17 
1 I 96 
---- 
10%8 
9,445 
8.210 
6,975 
5.740 
4.505 
19.43 
18.18 
16.93 
15.66 
1441 
1317 
11-92 
1068 
9.450 
8.210 
6.975 
5.745 
4.510 
19.43 
18.18 
16.93 
15.67 
14’42 
13.17 
11.93 
10.89 
9,450 
8.215 
6.975 
5,745 
4.510 
19.44 
18.19 
16.94 
15.67 
14.42 
13.18 
11.93 
10.69 
9.455 
8.215 
6.980 
39310 , 5.745 
41540 i 5.130 
~ ~ 
__- 
Temp. 
250’ .. 
260° .. 
270’ .. 
B O 0  *. 
Pressure 
mi 1 li 111, 
18XO 
19780 
90920 
22170 
23(iOO 
25 1‘30 
2;010 
29 I30 
31520 
34340 
37’740 
42030 
44630 
19320 
20360 
21570 
22910 
24410 
26100 
30300 
32960 
36050 
39780 
44640 
47840 
19880 
20980 
23330 
23610 
24200 
25000 
29080 
31460 
342~0 
37690 
41820 
47390 
50900 
20410 
21570 
22870 
24340 
26000 
27 890 
30070 
32600 
35630 
39280 
43810 
49930 
28050 
-- -. 
Vol u I n e. 
cub. mi, 
1944 , 
18.19 
16 94 
1548 I 
1443 
13.18 ’ 
11 93 
10 ( jb) 
-- 
9,455 
8.230 
8.980 
5.750 
5.130 
19.45 
10 94 
15.68 
1443 
13.18 
11.94 
1Oi0 
18.20 , 
9.4BU 
8 . 2 ~  
6.98a 
5.750 
8.135 
19.45 
18.20 
16.95 
15.69 
14.44 
13.19 
11.94 
1070 
9.460 
8.285 
6.985 
5.755 
5,135 
19.46 
18.21 
16 95 
15.69 
14.44 
13.19 
11.94 
10.70 
9.463 
8.225 
6.985 
5.755 
THERMAL PHOPERTIES OF ISOPENTANE. 63 1 
-- 
11.37 
10.67 
9.980 
9.280 
8.580 
8.235 
21.96 
1 Temp. 
- 
240" . 
(cont.) 
19-10 
18.39 
17.69 
17.30 
21.94 
20.53 
SERIES V. 
i 
I 
I 
Pressure 
millim 
11160 
11375 
11490 
11595 
11920 
12170 
12430 
12700 
12970 
13860 
13550 
13700 
124iO 
13030 
13600 
14290 
14620 
14970 
15330 
15680 
16050 
12990 
13600 
14260 
149tio 
15740 
16560 
17410 
17850 
18290 
18710 
18930 
13500 
14150 
14860 
16640 
18490 
1'7400 
18390 
19420 
-- 
13.48 
12.08 
10.88 
9.280 
8.585 
7.890 
7.190 
6.495 
5.800 
5.100 
4.405 
21.97 
19 85 
17.72 
volume. j l  Temp. 
cub. om. j /  
260' . 
/- 
22.63 ( i  180' ., 
21.93 ! j  (cont) 
21-32 
16.28 i 
15.58 
14.88 
14.17 
21.94 
20.53 
19.11 
17.70 
16.28 
19.81 1 1  
220' .. 
14.88 
13.47 
12.77 
1 
i 
17.70 
16.29 I' 240' .. 
14.88 1 1  
~ 
170° . 
I 
180" .. 
13.47 
12.07 j( 
Pressurr 
millim. 
19940 
20470 
20970 
21470 
2 1900 
22100 
14510 
15840 
18970 
18500 
20260 
21570 
23010 
21550 
25510 
26100 
26890 
27620 
28320 
28970 
29590 
15500 
16'760 
18250 
19990 
22080 
23660 
25450 
27480 
28,580 
29770 
31010 
32320 
33710 
35310 
37240 
16470 
17870 
3 9530 
21480 
-- 
volume. i/ Temp, 
:ub. cm. 
5.100 
4.405 
21.98 
19.86 
17.73 
15.61 
Pressurt 
millim. 
23850 
25750 
27890 
30390 
31820 
33370 
35090 
36940 
39100 
41 680 
45050 
17440 
18960 
20780 
22960 
25610 
27750 
30260 
33240 
34950 
36850 
39020 
4 1400 
44270 
47940 
52780 
18390 
20030 
22000 
24390 
27350 
29740 
32600 
36030 
38060 
40260 
42890 
45920 
49530 
-- 
Volume 
cub. cm 
13.49 
12-09 
1069 
9,290 
8.590 
7.895 
7,200 
6.500 
5.805 
5,105 
4.410 
-- 
21-99 
19-87 
17.74 
15.62 
13-80 
12-10 
1070 
9,295 
8.595 
7.900 
7.205 
6.505 
5.805 
5.110 
4.410 
22.01 
19.88 
17.75 
15.63 
13.51 
12.11 
10.7 1 
9.300 
8.600 
7.905 
7.210 
6,510 
5.810 
PROF. SYDNEY YOUXJQ ON THE 
SERIES VI. 
i Temp. 
~ goo ., 
I 
1000 ., 
l l o o  . 
1200 * #  
130' ,. 
Pressu t-1 
mi 11 i In, 
3585 
3678 
3786 
3805 
4012 
4135 
4263 
3813 
4040 
4295 
4432 
4585 
473'3 
4910 
5081 
527 1 
3946 
4182 
4447 
4749 
5091 
5482 
5933 
6185 
6472 
40i9 
4458 
4918 
5472 
61 ($7 
6717 
7040 
io16 
i (<)4 
7958 
4206 
4603 
5059 
5665 
6306 
6!)85 
-- 
I-nc. 
r r -  
I r'%.n 3ZYZ 
~ 5850 
66 17 
i 8884 
i 7243 
I 7977 1 ! 
I - ~ -  
_- 
-. 
Vol um E 
cub. ciii 
76 6-2 
74.24 
7 1.86 
6Y 4 7  
67.07 
64 67 
62.26 
74.26 
09.49 
ti4~68 
62.28 
59-88 
57.49 
55.10 
53.73 
50.35 
7427 
69.51 
64.iO 
59.90 
55.1 1 
50.37 
45.59 
43.22 
40.85 
74-99 
67.12 
5991 
52.75 
45.60 
40.86 
88.50 
36.14 
33T'G 
32.59 
74.3 1 
67.14 
50 93 
58.76 
46.61 
T ~ i p .  
1500 
l G O o  
1 i o o  
I 80° 
140° . 
( C 0 1 2 t . )  
?ressui 
iiiillim 
041 1 
9993 
10640 
11360 
4463 
4887 
5400 
6037 
6830 
7498 
8267 
0 1 os 
10410 
11110 
11900 
12770 
13740 
4589 
5032 
5564 
6224 
7056 
7734 
8.564 
9573 
10840 
12430 
134UO 
14480 
1 iU0 
4713 
5172 
5724 
A N 3  
72i2 
7979 
8844 
9910 
1 1250 
12050 
12960 
1401 0 
152ClO 
16540 
18000 
4cr34 
5302 
5876 
6,583 
7484 
9122 
10240 
11650 
-- 
8222 
__- 
240' 
.. 
124 30 
1:337o 
14460 
15740 
17250 
19010 
5317 
5s-i 7 
6491 
Ttrrrl p . 
260° ... 
- _- 
( C O I L t . )  
280" .. 
-- 
Tein p . 
vo1uine. 
cub.cm. 
36.26 
31.32 
20 77 
-- 
50' .. 
60° .. 
700 .. 
800 * .  
900 ., 
-.- 
Temp, Preqsure I millim 
1 280" ... M7.j 
(cont.)  7453 
8380 
---- 
Prewrire 
inilliin. 
1 1330 
12330 
1 4 i S O  
19000 
17430 
19130 
2 1 220 
23760 
0065 
- 
2441 
re3mre. 
nillim. 
9608 
10660 
11900 
1427 
147 1 
1514 
1479 
1.594 
1570 
1620 
1676 
1732 
1793 
1858 
1987 
2001 
1575 
1679 
1793 
1924 
2077 
2259 
2354 
2463 
2583 
1627 
1731 
1851 
1 9 Y G  
2146 
67'40 
60.16 
59.07 
45.79 
41.03 
36.28 
31.53 
2&i9 
24.43 
3332 
2552 
2813 
S O o  .. 
(cont.) 
2965 
3134 
3321 
168 I 
1848 
14.94 
74%0 
I 15580 1 , 16870 
voll"e* I /  Temp. cub. ciu. 
17595 
170.30 
1 S 1.6 5 
170~00 
170.35 
164.70 
15900 
153.30 
147.60 
G.eo1%T 
(cont.) 
100' .. 
'Olume. 11 Temp. ub. o m .  
176.05 
164.70 
153.30 
14 1.90 
130.60 
119.35 
113.70 
106.05 
10245 
176.10 
16k75 
153.35 
141.95 
130.65 
119.40 
108W~ 
96.83 
91.24 
70 99 
li6.10 
150.10 
8 5 . ~ 4  
110" .. 
120" I 
redsure. 
millim. 
2051 
2311 
2639 
2013 
3252 
3148 
3669 
3923 
4209 
1732 
1906 
212.) 
2388 
2727 
3013 
3300 
3803 
4368 
5126 
1784 
1963 
2185 
246 1 
2810 
3113 
3474 
3943 
4534 
5328 
1 837 
2020 
2251 
2537 
2002 
3209 
-- 
?olume 
Lib. cin. 
149.05 
125.05 
108*10 
96.86 
SO 04 
74.44 
68.88 
63.25 
176.15 
159.15 
14210 
125.10 
105.15 
96.88 
85.68 
7446 
63-27 
52.10 
176.20 
159.20 
142.10 
125.10 
108.15 
969 1 
55.70 
74.48 
6329 
52.11 
176.25 
150.20 
142.15 
185.15 
108.20 
96 93 
-- 
a 5 m  
Pressure. 
millim. 
18410 
20250 
'72320 
25330 
27040 
28950 
31340 
34870 
37030 
-- 
Temp. 
12OC .. 
( C 0 ) k t . )  
130" .. 
140" .. 
160' . 
're8 sure 
millim. 
3500 
4065 
4687 
5530 
1 886 
2076 
2313 
2608 
2984 
3303 
3698 
4193 
4841 
5717 
1936 
2133 
2377 
2681 
307 1 
3401 
3808 
4326 
5000 
5914 
2035 
2242 
2503 
28% 
3238 
3591 
4023 
4577 
5296 
6292 
-- 
- 
Volume. 
cub. cm. 
22.06 
19.69 
17 32 
14 95 
13.76 
14.59 
11.40 
10.21 
9.02 
-- 
Volulne 
:ub. cm. 
85.72 
74.50 
63.30 
52.13 
176.30 
159% 
142.20 
12520 
108'20 
96.96 
8.575 
74.52 
63.32 
52.14 
176.35 
159.30 
149.2 5 
125.28 
106.25 
9698 
8.5.78 
74.54 
6334 
52.16 
176.45 
159.40 
148.35 
125.35 
108.30 
07,03 
85.82 
74.58 
63.37 
52.18 
-- 
634 
Pressure. 
millim. 
Temp. 
1800 .. 
200° * .  
Volume 
cub. cm 
Pressurt 
utillim, - 
176.55 
159.50 
748.35 
125.35 
108.35 
97.08 
85.86 
74.68 
63.40 
52-20 
17665 
159.60 
142.45 
12545 
108.40 
97.13 
85.90 
74.66 
2132 
2353 
2625 
2966 
3405 
3775 
4239 
4822 
5590 
6654 
2231 
2463 
2751 
31 08 
3671 
3962 
4452 
5066 
---- 
200° .. 
(cont.) 
220° ... . 
250° ... 
PROF. SYDNEY YOUXGI O S  THE 
Series VII. (continued). 
6343 
52.23 
176.7.5 
159.70 
14250 
125.50 
108.45 
250° .. 
(coat.) 
Pressurt 
millim. 
5888 
7025 
2330 
2575 
2877 
3253 
3738 
4156 
4666 
5318 
6176 
7381 
2477 
2741 
3068 
3469 
3984 
443 1 
-- 
7211 
7910 
8781 
9871 
11275 
2622 
2912 
3252 
3680 
4234 
4712 
5303 
6043 
7065 
8459 
SERIES VIII. 
57.92 
52.30 
46.68 
41-06 
35.44 
177-00 
159.90 
1.42.75 
125.70 
108.65 
97-33 
86.08 
74.81 
63.56 
52-34 
'ressure. 
millim. 
97.1 8 
85.95 
74.70 
6346 
52.26 
176.90 
259B0 
280° .. 
776 
797 
816 
786 
827 
873 
924 
980 
1044 
1117 
814 
903 
1015 
1082 
1158 
1246 
1348 
1468 
799 
839 
933 
1049 
1199 
1200 
1397 
I524 
1673 
-- 
30' .. 
405 .. 
5 0 0  .. 
11 Temp. cub. cm, 
-_- 
321.2 
312.6 
304.0 
329.9 
312.7 
295.5 
278.5 
26L.4 
244-2 
- 
60° 
70' . 
(cont.) 
--- 
141.9 
133.4 
347'4 
33002 
295.7 
261.6 
227.3 
2 10.2 
193.1 
1761 
159.0 
142.0 
1249 
364.8 
330.2 
295% 
261.7 
227.4 
210.3 
193-2 
1762 
159.1 
142.0 
124.9 
364.9 
330.3 
295.9 1 
142.60 
125.60 
198.55 
97.26 
-- 
900 .. 
(cont.) 
looo .. 
120' ... 
I/ Temp. cub. om. 
227.1 
330.0 
295.6 
261.4 
244.3 
227.2 
210.1 
80° .. 
193.0 
176.0 
347.4 
330.1 
Pressun 
m illim , 
1857 
1964 
825 
866 
965 
1085 
1239 
1334 
1444 
1574 
1732 
1922 
2164 
812 
893 
993 
1118 
1277 
1377 
1492 
1627 
1789 
1988 
2236 
835 
980 
1024 
-.- - 
11 Temp. cub. cm. 
.---- 
Pressur 
millim. 
1152 
1317 
1418 
1537 
1678 
1846 
2054 
2314 
822 
860 
947 
1054 
1186 
1357 
1462 
1584 
1732 
1904 
2120 
2369 
83t2 
909 
1002 
1113 
1254 
1435 
1547 
-- 
Volume. 
cub. om. 
261-7 
227.4 
21 0.3 
193.2 
176.2 
159.1 
142.0 
124.9 
382-2 
365.0 
3304 
296.0 
26 1 *8 
227'5 
210.4 
193.2 
176.3 
159.2 
142.1 
124-9 
399.6 
365.2 
%do 5 
296'1 
261.9 
227.6 
210.5 
--- 
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--- 
Temp. 
_-- 
1200 .. I 
1 140' . 
I 
I 
I 
I 
1000 . 
I 
I 
I 
, 
?ressure, 
millim. 
1678 
1834 
2020 
2248 
P536 
838 
956 
1053 
1172 
1321 
1513 
1632 
1770 
1933 
2133 
3357 
2684 
847 
958 
1107 
1233 
1388 
1591 
1716 
1861 
2036 
2247 
2503 
2825 
Voliime 
cub. cm. 
193.4 
176.4 
159 3 
142.2 
125.0 
417.1 
365.4 
330.7 
296.3 
262.1 
227.7 
210.6 
193.5 
176.5 
159.3 
142.2 
125.1 
434.7 
382.8 
3300 
296.4 
262.3 
227.8 
210.7 
193.6 
176.6 
159.4 
142.3 
125.2 
-_ 
Temp. 
1800 . 
-- 
mo ., 
2200 .. 
'ressure. ~ ~ 1 ~ ~ ~ ~ e . ~ ~  
cub. CIU. 1 Temp. millim. 
853 
963 
1051 
1 1.59 
1290 
1455 
1677 
1800 
1951 
2 135 
6358 
2625 
2970 
857 
964 
10913 
1209 
1349 
1521 
1744 
1880 
2041 
2233 
2466 
861 
The Critical Volume and  I h s i f y .  
'i*essure 
iuillim. 
1820 
1963 
2130 
2!32 
2573 
834 
91 5 
1025 
1161 
1340 
1495 
1680, 
1934 
2088 
2269 
2480 
2740 
876 
970 
1084 
1230 
1.120 
1583 
1786 
21349 
2215 
2402 
2631 
2907 
-- 
Volume. 
cub. ca. 
228.2 
211.0 
193.9 
176.8 
159.7 
583.0 
488.2 
435.8 
383% 
331.6 
297.2 
262.8 
2283 
211.2 
194.0 
177'0 
159% 
540.8 
488.5 
436.1 
384.0 
331.9 
297.4 
263.0 
228.5 
211.4 
194.2 
177.1 
159.9 
--- 
1 t is impossible to determine the critical voluiiie accurately 
hy direct experiment, but it may be calculated from the 
critical densit,y, which inay be ascertained with great accuracy 
by the method of Cailletet and Mathias (Comnpt. 12end. cii. 
p. 1202: civ. p. L563 ; Mathias, ibid. csv. 1). 35). 
In the following table the densities (iiiass of 1 cub. ceiitiin.) 
of liquid and saturated vapour a n d  the tiiean densities are 
given at a series of temperatures, together with the mean 
densities calculated from the forinula 
D=0.3197-0°.000454 t .  
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120 
130 
140 
The close ngreeineiit between the calculated m c i  observed 
inem densities over such a wide range of temperature in  this, 
A S  in  so many other cases, ,justifies the very sinall extra- 
polation to the critical temperature. The iiieaii density at  
this temperoture, 187O.8, calculated from the formula, is 
0.2344, a i d  this is the critical density, for,  a t  the critical 
temperature, the difference be tween the liquid and saturated 
vapour ceases to exist. The critical voluine of ;I gram, calcu- 
lated from the density, is 4.266 cub. centim. 
-4991 
.4826 
*4642 
Mean Densities of Liquid and ht i i ra ted Vapour. 
Temperature. ! 
i Liquid. Saturated VRpour. 
'0016 
*0084 
-0033 
.0015 
-0060 
-0078 
*0101 
-0 128 
-0162 
-0203 
a 2 5  1 
-031 1 
-0383 
*0473 
-0583 
*0720 
-0938 
-1103 
*1258 
a1428 
-1575 
-1677 
*1834 
,1951 
-- 
...... 
Deiisi ty. 
Mean. 
-- 
*3158 
.3110 
.3082 
.3017 
*2970 
*29% 
-2878 
*2834 
-2787 
*2741 
-2695 
*2651 
2605 
*2557 
.2514 
*2468 
-2423 
.2398 
-2378 
-2366 
.2358 
-2353 
*2346 
*2356 ...... 
Calculated 
-- 
,3158 
.3106 
*3061 
,3015 
,2970 
,8924 
,2879 
a2884 
,2788 
*2743 
2697 
,2852 
*2607 
,2561 
,2516 
*2470 
,2428 
,2398 
-2380 
32366 
-2357 
,2352 
a2348 
*2346 
*2344 
h x 10,000 
-- 
- 4  
-4 
-1 
-2 
0 
0 
f l  
0 
+l 
+ 2  
+2  
+l 
$ 2  
+4 
+2 
+a 
+2 
0 
+2 
0 
-1 
-1 
' +2 
- 10 
Critical Volume of a gram ......... 
Critical Molecular Volume ......... 
4.266 cub. cm. 
306.5 cub. cm. 
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THEORETICAL ONCLUSIONS. 
Relation of P?*essure to Temperature at Constant Volume. 
Isochors. 
For  the larger volumes of a gram the pressures corre- 
sponding to definite volumes were read from the isothermnls 
constructed from the da,ta already given. This method was, 
however, not practicable in the case of the stnnller volumes. 
Isobars were therefore first constructed, and the temperatures 
at definite volumes were then read from the isobars. The 
data from which the isobars were constructed are given in 
the table below, p. 638. 
In the tables which follow (pp. 639-643) the data for two 
set’s of isochors are given, those at smaller volumes from the 
isobars and those at larger volumes from the isotherms. The 
pressures read froin the isothermals construc.ted from the data 
obtained by Thomas and myself by the modified Hofmanii’s 
vapour-density inetshod are included in t,he second set. 
VOI’. SITT. 
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ea rYM 
THERMAL PROPERTIES OF ISOPENTANE. 
- 
:mmlod,lg : : : : . . . . . . .  ' : & & o , b &  . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . .  
:*"ab : : : : : : : : : : : : 
640 
27060 
34520 
39100 
43120 
49080 
52000 ... ... 
45680 
... ... ... ... 
... 
PROF. SYDNEY YOUXU ON THE 
21020 
275eO 233M 
32060 27380 
35280 30266 
40560 3498C 
43140 3728C 
48820 4232C 
54560 4748C 
37480 322ac 
... ..* ... ... 
. . I  ... 
... ... 
... ... 
Isochors, read from Isothermals. 
... ... 
2i360 
24660 
26460 
27860 
31460 
35010 
38550 
42160 
49630 ... ... 
- 
Vol., . 
- 
Temp 
... ... 
... ... 
254'90 
26770 
29780 
32870 
35990 
39090 
45570 
82100 
. I .  
2.4 I 2.5 1 2.6 1 2.7 1 2.8 1 2.9 1 3.0 1 3.2 1 3.4 1 3 6 1 3.8 
Pressures. 
Temp. -- 
186 
183 
185 
117% 
190.0 
195 
200 
205 
- 
... 
. . I  
... 
... 
25030 
25960 
28190 
30480 
32820 
3.5140 
39910 
44680 
49690 
... ... 
2,5020 
25910 
28000 
30140 
32310 
178 
176 
180 
183 
185 
187'8 
190.0 
195 
200 
205 
220 
220 
230 
240 
- 
... ... ... ... 
.., 
... ... 
22830 
25130 
26710 
28940 
30730 
34880 
39100 
43270 
47700 ... ... 
... 
2 io60 
24460 
27050 
28850 
31270 
33270 
37860 
42490 
47140 
51990 ... 
... 
.. 
... 
... 
ai010 
25420 
27420 
29070 
32850 
36680 
40560 
44510 
52430 ... 
... 
... ... ... 
2i050 
26070 
28460 
30950 
33510 
36020 
41170 
46460 
5 1890 
3 1660 
34430 
37260 
42940 
48860 
.. 
Isochors, read fi-on1 Isothenm4s. 
Pressures, 
22230 
22600 
23200 
23710 
24110 
25080 
26010 
21820 
29600 
31370 
33140 
34900 
38360 
40000 
36600 
819.50 
224'30 
23330 
23700 
24590 
25430 
2za60 
ziiio 
28750 
30400 
32030 
33660 
35220 
36860 
38380 - 
... 
... 
25010 
25860 
27780 
29530 
31730 
33680 
37640 
41590 
45770 
49770 
53800 ... 
. .. 
... ... 
25000 
25810 
27650 
29430 
31260 
33070 
36640 
40280 
44010 
47740 
51380 ... 
... 
I , .  ... 
24990 
25760 
27430 
29060 
30740 
32350 
35580 
38850 
42130 
45440 
48680 
51910 
I . .  
... ... 
24940 
25620 
27130 
28610 
30070 
31540 
34420 
37290 
40170 
43030 
45890 
48750 
51540 
... ... 
24840 
25420 
26790 
28150 
29460 
30i60 
33350 
35920 
38500 
41020 
43530 
46070 
48580 
... 
23960 
24660 
25180 
26420 
27630 
28840 
300 10 
32340 
34680 
37000 
39270 
41480 
43780 
46000 
... 
23% 0 
24400 
24880 
26010 
27100 
28220 
29280 
31380 
33500 
35610 
37680 
39mo 
41770 
43750 
2i090 
23510 
24070 
24530 
25570 
26570 
28530 
30460 
32400 
34330 
36240 
38080 
39980 
41770 
210 
220 
230 
240 
34460 
38890 
43280 
47900 
52360 250 
260 
270 
280 
... 
. . I  
... 
1 I 
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... ... ... 
21'630 
22130 
22490 
22930 
23250 
24080 
24870 
26430 
27950 
29480 
30090 
32510 
33970 
35460 
36920 
Isochors, read from Isothermals. 
... 
e.. 
20iOo 
21.300 
21770 
22090 
22500 
22820 
23670 
24310 
25770 
27170 
28600 
30010 
31430 
32700 
34180 
35530 
- 
Vol. .. - 
Temp -
180 
160 
170 
176 
180 
183 
185 
187'8 
190.0 
195 
200 
210 
220 
230 
240 
250 
260 
270 
280 
9.0 1 9.5 1 10.0 
Pressures. 
13430 
14140 
14815 
15210 
15470 
15680 
15810 
15990 
16130 
16470 
16800 
17430 
18050 
18690 
19330 
19940 
20540 
21150 
21770 
a . .  
4 . .  
26390 
20950 
21380 
21690 
22040 
22360 
23060 
23760 
25110 
26480 
27750 
29090 
30410 
31690 
33j3c)oo 
34240 -
1soc: 
a . .  
18950 
19720 
20210 
20590 
20870 
21 160 
21440 
22060 
22680 
23880 
25050 
26'200 
27400 
28570 
291700 
30870 
31950 -
. .. 
1 i i30  
19020 
19470 
19800 
20040 
20300 
20560 
21100 
21670 
22720 
23770 
24830 
25890 
26900 
217940 
28980 
29970 
... 
iijio 
18330 
18730 
19030 
19250 
19500 
19710 
20200 
20710 
21670 
22620 
23550 
34500 
25460 
26370 
27300 
28190 
iiibo 
17080 
18630 
18010 
18280 
18480 
18720 
18910 
19350 
19810 
20670 
21560 
22400 
23250 
21120 
24970 
25810 
26620 -
15620 
16490 
17000 
17320 
17570 
I7760 
17980 
18150 
18550 
18970 
19780 
20570 
21350 
22130 
22940 
23700 
24480 
25220 - 
14i20 
15330 
15780 
16040 
16270 
16420 
16600 
16780 
17110 
17460 
18140 
18830 
19,500 
20180 
20850 
21510 
22160 
22810 
i i i i o  
15900 
16370 
16670 
16920 
17060 
17260 
17440 
17810 
18180 
19650 
20350 
21110 
21840 
22560 
23260 
23970 
18930 
ors, read from Isothermals. - 
Jol. . . 19 I 20 1 22 1 24 1 26 1 28 1 SO 1 33 1 36 1 40 1 45 
I 
Temp 
.- 
1PO 
120 
130 
140 
150 
160 
170 
176 
180 
183 
185 
187.8 
l%~O 
195 
200 
210 
220 
230 
240 
250 
260 
270 
280 - 
Pressures. - 
657C 
683C 
7100 
7365 
7625 
788U 
8150 
8380 
... 
a . .  
..I ... 
8870 
9180 
9175 
,0380 
.osio 
- 
5995 
623.5 
6465 
61u0 
6930 
7 140 
7360 
7575 ... 
I . .  ... ... 
€60 
8440 
6875 
9305 
9775 
__. 
- 
.. 
. a .  
lo;& 
11215 
11720 
12180 
12650 
... ... 
a . .  
... 
13525 
144'45 
15340 
16210 
iiiio - 
-
e . .  
9250 
9665 
10035 
10465 
10845 
1 i225 ... 
I . .  
. I .  ... 
1 ii8o 
lii30 
1GlO 
13475 
14995 - 
I . .  ... ... 
12630 
13260 
13835 
14405 ... ... 
14985 
15550 
16110 
16690 
17250 
17800 
1iSSo 
19970 
... ... 
1 i355 
11890 
12440 
12960 
13480 ... ... ... ... 
14480 
15480 
16480 
17470 
18450 
... 
8825 
9195 
9530 
10275 
10635 
993a 
. *. 
I . .  ... 
... 
11325 
12025 
l i j05  
13390 
14095 - 
i89c 
822C 
8555 
8870 
9205 
9530 
9855 
1 . .  
I . .  
... ... 
.0460 
. ioj5 ... 
,1700 
2330 
&%60 
i400 
7705 
8000 
8295 
8595 
8880 
e'iijo ... ... ... 
. I .  
9f05 
10275 
10845 
L 1425 
i iS0o 
... ... ... 
'1 3020 
13685 
14310 
14680 
14920 
15100 
15230 
15400 
15540 
15870 
16150 
16760 
17350 
17950 
18530 
19100 
19670 
20250 
20820 -
. I .  ... 
lOY75 
106OC 
11050 
1148C 
1 ibo ... ... ... ... 
liibo 
13525 
14360 
iiik 
1i990 
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... 
2iiO 
2315 
2400 
2558 
2637 
2711 
2790 
2943 
3093 
3240 
3393 
3i22 
3848 
2480 
Isochors, read from Tsotherrnals. 
1 k O  
1947 
2015 
2081 
2217 
2283 
2348 
2413 
2545 
2666 
2800 
2926 
3i30 
3320 
2lR2 
- 
701. .. 
... 
li'65 
1145 
1186 
1225 
1282 
1301 
1343 
1420 
1497 
1576 
1654 
1728 
1806 
1921 
2036 
... ... 
985 
1020 
1054 
1092 
1124 
1158 
1194 
1262 
1332 
1400 
1467 
1535 
1603 
1706 
1806 
I'emp 
-- 
.5"0 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
200 
220 
240 
250 
260 
280 - 
Pressures. 
1438 
1491 
1544 
1594 
1643 
1695 
1796 
1896 
1995 
2096 
2194 
2290 
2435 
2g84 
1305 
1354 
1400 
1443 
1489 
1532 
1122 
1?14 
1805 
1894 
1981 
2066 
2200 
2334 - 
9 . .  ... ... ... 
5295 
5510 
5720 
5930 
6135 
6330 
6525 
6725 
6920 
7290 
i675 
8060 
8455 
8850 
I . .  
I .. 
... 
*.. 
4575 
4745 
4910 
5080 
5240 
5400 
5560 
5725 
5880 
6185 
6500 
6820 
7 i45 
7460 
... 
... 
... 
3865 
4015 
4150 
4295 
4435 
4570 
4715 
4850 
4990 
5110 
5375 
5635 
5905 
6165 
6450 
... 
... 
33i1 
3452 
3565 
3698 
3820 
3938 
4055 
4295 
4522 
4757 
4993 
53i5 
5685 - 
... 
... 
3ijdO 
3110 
3215 
3327 
3440 
3537 
3645 
3850 
4052 
4267 
4475 
4765 
5i i5  - 
1 ciG5 
1720 
1780 
1837 
1897 
1953 
2009 
2062 
2120 
2234 
2345 
2458 
2566 
2739 
2967 
... 
2633 
2738 
2835 
2932 
3030 
3117 
3212 
3303 
3492 
3667 
4310 
3865 
4043 
4558 
Isochors, read from Isothermals, 
300 1 350 I 400 I 600 1 600 Jol. .. 230 I 260 
Temp 
10971 
BO 
40 
60 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
180 
200 
220 
250 
280 
-
- 
Pressures. - 
342.5 
366.5 
380 
391.5 
404 
416.5 
429.5 
441.5 
454 
46'7 
479-5 
493 
505 
518.5 ... 
-.. 
e.. ... ... ... - 
7 
241.5 
258.5 
267 
275 
284.5 
293.5 
302 
311 
319.5 
328.5 
337 
346 
355 
363.5 ... ... .'. 
. I .  ... ... 
- 
398 
426 
440.5 
454.5 
470.5 
484.5 
500 
514 
528.5 
543.5 
559.5 
574 
588.5 
604.5 ... ... ... ... ... ... - 
- 
300 
322 
333.5 
344 
355 
365.5 
376 
387.5 
398.5 
409.5 
420.5 
431-5 
443.5 
454 ... 
... ... ... ... 
.*. - 
- 
268 
286.5 
296.5 
305.5 
316 
325 
335 
345 
354.5 
364.5 
374 
384 
395 
403.6 ... 
I.. 
... 
*.. 
a..  
I.. 
e . .  
e . .  
860 
890 
917 
'352 
979 
1010 
1038 
1097 
1 i'66 
12i6 
1275 
1334 
1394 
1481 
1568 
... 
719 
743.1 
769 
795 
820 
844 
869 
895 
947 
995 
1095 
146 
194 
L272 
1349 
... 
... 
1046 
- 
633.5 
654 
675.5 
699 
720 
743.5 
7645 
787 
809.5 
83 1 
854.5 
876.0 
899.5 
916 
96 4 
,005 
,047 
114 
,182 - 
... 
509 
526 
544 
561.5 
580 
596-5 
615 
634 
650 
670 
686 
704.5 
723.5 ... ... 
... ... ... ... - 
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106.2 
108.1 
113.5 
117.3 
121.0 
124.7 
1287 1 
132.1 
136.1 
140.0 ... ... 
... ... 
. I .  
Isochors, read from Isothermals. 
94.2 
95.8 
1006 
104.1 
107.2 
110.5 
113.8 
’ 117.2 
120-7 
124-3 ... ... 
... 
... 
... 
- 
Vol. ... 
30 
40 
50 
60 
215.8 
283.0 
230.0 
237.5 
100 
110 
120 
130 
I 
266.7 
273.5 
280.5 
288.5 
173.5 
177.0 
185.5 
191.5 
197.5 
204.2 
210.0 
215.7 
223.5 
229.7 
. . I  ... ... ... ... - 
- 
151.8 
154-9 
162.4 
168-0 
173-3 
178-7 
184-0 
189.4 
195.3 
200.9 
... ... 
. I .  
.*. ... 
2000 1 2300 1 2600 1 3000 13500 I 4000 1 
Pressures. 
135.1 
137’8 
144.4 
149% 
154.3 
1.58.9 
163.4 
168.4 
173.9 
179.0 ... ... 
... ... ... 
ii’i.8 
124.0 
130.1 
134.8 
139.2 
143.1 
147.5 
151.8 
156.6 
160.7 ... 
... 
... ... 
... 
- 
- 
gi -6 
83.0 
87.3 
90.4 
93.3 
96.0 
98% 
101.9 
105.1 
108.0 ... ... ... 
... ... 
i0.0 
71.4 
747 
77.5 
79.9 
82.2 
84.8 
87.3 
89.9 
92.4 ... ... ... ... ... 
-- 
6i.3 
62.4 
65.3 
67.7 
69.8 
71.8 
74.2 
76.2 
78’5 
80‘4 ... .., 
. . e  
. . I  
... 
The values of dP - ( b  in the equation p = bT -a) h3ve been 
d t  
calculated from the data given in the preceding tables, and 
as they are not quite constant at al l  volumes it Beems neces- 
sary to give them in detail so as to indicate the nature of the 
variations, This, however, has not been done for volumes 
dp were below 2.4 cub, centim., for which the values of 
obtained from the isobars, because the deviations are within 
the limits of experimenfal error. 
dt 
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Values of dP - ( = b )  from Isochors. 
dt 
Vol. .. 
- 
Temp 
170 
176 
180 
183 
185 
187-8 
190 
195 
200 
205 
210 
220 
230 
240 
- 
1243 
1220 
1240 
1280 
1214 
1337 
.,. 
... 
... 
... 
.*. 
... 
a . .  
- 
- 
1093 
1120 
1073 
1100 
1100 
1173 
1136 
1148 
... 
... 
... 
... 
... 
- 
- 
... 
1005 
960 
1010 
964 
1045 
1008 
1032 
... 
... 
... 
... 
... 
- 
... 
850 
863 
900 
864 
909 
918 
926 
930 
970 
... 
... 
... 
- 
... 
... 
767 
790 
796 
814 
830 
844 
834 
886 
... 
... 
... 
- 
- 
... 
... 
... 
705 
714 
750 
756 
766 
776 
790 
792 
... 
... 
- 
- 
... 
... 
... 
650 
643 
636 
720 
710 
708 
722 
747 
... 
... 
- 
... 
... 
... 
... 
... 
577 
602 
618 
624 
620 
64 8 
653 
... 
- 
... 
e . .  
... 
... 
1.. 
518 
534 
544 
554 
566 
568 
593 
... 
__ 
... 
... 
... 
... 
... 
464 
478 
498 
512 
502 
515 
529 
543 
... 
a . .  
... 
... 
... 
423 
446 
458 
468 
464 
477 
477 
501 
Values of dP -- ( = b )  from Isochors. 
dt 
Temr -
l"S0 
183 
185 
187.f 
190 
195 
200 
205 
210 
220 
230 
250 
260 
270 
280 
' 240 
- 
... 
... 
9 . .  
405 
418 
428 
434 
430 
443 
439 
462 
446 
.., 
... 
e . .  
- 
... 
... 
... 
386 
384 
390 
400 
390 
396 
395 
418 
400 
403 
... 
... 
_I 
... 
... 
... 
368 
368 
356 
366 
362 
357 
364 
373 
373 
364 
... 
... 
*.. 
... 
350 
334 
326 
336 
322 
323 
327 
328 
331 
324 
323 
... , ... 
... 
... 
... 
309 
302 
296 
292 
294 
288 
287 
288 
287 
286 
286 
279 
-- 
a . .  
I . .  
I.. 
264 
274 
272 
262 
260 
259 
257 
258 
252 
25 1 
254 
251 
-__ 
... 
... 
250 
236 
248 
242 
242 
234 
233 
234 
232 
227 
221 
230 
222 
- 
... 
*.. 
225 
218 
226 
222 
224 
212 
210 
212 
211 
207 
201 
208 
198 
- 
.,. 
210 
200 
209 
208 
200 
(196 
193 
I94 
193 
191 
184 
190 
179 
- 
190 
200 
182 
182 
104 
186 
181 
178 
177 
177 
176 
170 
176 
164 
-- 
- 
180 
185 
168 
167 
198 
168 
168 
164 
1 A5 
163 
163 
156 
164 
152 
- 
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dp Values of - (=a) from Isochors. tit 
- 
71 
075 
65.5 
!emp. - 
Go 
100 
170 
180 
185 
3 90 
195 
200 
210 
220 
230 
240 
250 
260 
270 
280 
... 
41.5 
37 
43 
38 
38 
37.8 
37'5 
37'2 
368 
39.7 
Vol.. , 
rem; 
- 
I_. 
1 io 
120 
130 
140 
150 
160 
170 
180 
190 
200 
21 0 
220 
230 
240 
250 
260 
270 
280 - 
... 
37 
33.1 
40 
341 
36 
34t 
35 
34 
346 
355 
... 
... 
... 
I72 
1 55 
XtiG 
168 
1 Brj 
1 %52 
163 
151 
I52 
146 
140 
146 
I_ 
~ 
.,. 
... 
... 
158 
146, 
150 
1.48 
14(! 
140 
143 
141 
142 
1% 
139 
135 
~ 
... 
... 
... 
148 
134 
14U 
1-40 
I35 
135 
I32 
134 
132 
128 
131 
124 
I_ 
... 
... 
120 
133 
114 
I24 
1% 
120 
117 
115 
120 
117 
113 
117 
108 
- 
... 
... 
114 
114 
10.1 
I08 
114 
105 
105 
106 
106 
101 
104 
104 
99 
- 
d] l  Values of ;ji: (= 
I.. 
... 
102 
104 
92 
98 
102 
96 
95 
93 
95 
96 
91 
93 
89 
... 
92 
93 
94 
86 
88 
98 
86 
89 
84 
85 
87 
85 
84 
81 
- 
... 
87 
83 
86 
80 
80 
84 
81 
79 
78 
78 
81 
76 
78 
74 
- 
from Isochors. 
*.. 
79 
77 
78 
75 
74 
74 
75 
72 
72 
74 
73 
72 
70 
71 
_. 
- 
.I. 
71 
71 
76 
72 
66 
70 
68 
69 
67 
68 
67 
66 
66 
65 
1 
68 
64 
68 
66 
63 
62 
64 
64 
61 
60 
61 
62 
1 
... 
... 
a . .  
... 
6F.5 
62.5 
61 
62 
61 
GI 
Do 
GO 
58 
57 ) 
57 J 
57 I 
98 1 
- 
I_ 
I . .  
... 
I.. 
6 3 5  
65 
62 
6% 
60 
50 
DO 
49.: 
49 
... 
... 
... 
47 
BO5 
4G 
47 
43.7 
46 
44.e 
435 
465 
- 
... 
... 
. . I  
4235 
45 
43 
42 
45 
41.2 
41.8 
39 
42.5 
... 
33 
335 
31.5 
33'5 
32.5 
32.5 
302 
30.8 
31.2 
31.5 
31.5 
- 
1..  
305 
295 
29.5 
30 
265 
28 
278 
28.5 
28.5 
29 
28.2 
- 
- 
26 
27 
26,5 
26 
255 
25 
25 
24.5 
25.5 
24.8 
25.2 
27 
_I 
24 
23 
23.5 
22 
22 
22 
21.5 
21.2 
22 
21.8 
21.5 
235 
- 
646 PROF. SYDNEY YOUNG ON THE 
- 
Vol.., 
- 
Temg 
- 
58 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
1 70 
180 
200 
220 
2407 
250 i 
260 J 
280 
- 
... 
... 
... 
... 
... 
21.3 
21.0 
21.0 
20.5 
19.5 
19.5 
20.0 
19.5 
18.5 
19.25 
1925 
19.75 ... 
19-75 
- 
- 
... 
... 
... 
... 
... 
17.0 
16.5 
17-0 
16-0 
16.0 
16.0 
16.5 
15.5 
15-25 
15.75 
16.0 
16.25 
15-75 
- 
... 
... 
... 
... 
15.0 
13.5 
14.5 
14.0 
13.5 
14.5 
13.5 
14.0 
12.0 
13.25 
13.0 
13.5 
13.0 
14.25 
- 
7 
... 
... 
... 
13.1 
11.3 
13.3 
12.2 
11.8 
11.7 
12.0 I 
} 11.35 
11.75 
11-07 I 11’8 
112.0 
... 
... 
... 
11.0 
10.5 
11.2 
11-3 
9.7 
10.8 
1025 
10.1 
10.25 
10.9 
8-67 
10.67 
... 
... 
10.5 
9.7 
9 7  
9% 
9.7 
9.5 
9.1 
9’45 
8.75 
9.4 
9.4 
8.9 
9.25 
... 
... 
7.5 
8.5 
8-0 
7.8 
‘7.9 
7.4 
7.9 
7.65 
7 *5 
7.35 
7-65 
7.63 
7.53 
... 
6.7 
6 +3 
6.6 
7.1 
6.5 
6.6 
6.5 
6-5 
6.6 
6.05 
6.7 
6.3 
6.8 
6.33 
... 
5.5 
6.0 
5.7 
6.0 
5.6 
5.6 
5 *3 
5.8 
5.7 
5.55 
5.65 
5.4 
5.71 
5.6 
5.3 
5.3 
5.0 
4.9 
5 *2 
} 5.05 
} 5.0 
4.95 
5-05 
4.9 
4.8 
4.83 
4.97 
4.9 
4.6 
4.3 
4% 
4.3 
4.5 
4.6 
4.5E 
4.45 
4.35 
4-25 
4.47 
4.41 
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-- 
dP Values of - ( = b )  from Isochors. dt 
i o 1  ,...I 230 1 260 300 1 350 1 400 I 500 1 600 ~ 700 1 800 1 900 1 loo0 
16.75 1 
11 
16.3 
30 
40 
50 
60 
70 
SO 
90 
LOO -) 
I 
L10 } 
::: j 
140 
150 6 I 
180 
200 
220 
250 
I.. 
4.0 
4.1 
3.9 
3.7 
39 
4 2  
3.85 
3.85 
3.95 
3.9 
3.7 
3.9 
323: 
38: 
... 
3 5  
3.4 
3.8 
3.2 
34 
3.6 
3 4  
3 5  
3.4 
3.3: 
3.4 
3.4 
3.4: 
... 
3.0 
2.7 
3.5 
2.7 
3.1 
2.8 
2.95 
2 95 
3.0 
2.91 
2.9E 
3.0 
2.9 
29  
- 
. 
2-45 
2.55 
2.6 
2.5 
2.4 
a.5 
2.6 
2.6 
2 4  
2.61 
2.4; 
2.5: 
2.4 
2.6 
2.5' 
___ 
2.05 
2.15 
2.35 
2.1 
2.35 
2.1 
2 25 
2.25 
2.1E 
2.35 
2.1E 
2.3E 
1.6: 
2.4 
2,0e 
2.1 
2.2: 
2-2' 
1.7 
1.8 
1.75 
1.85 
1.65 
1-85 
1.9 
1.6 
2.0 
1.6 
1.E 
1.9 
... 
... 
... 
... 
... 
I . .  
___ 
__ 
.1.48 
1 *45 
1.4 
1 *6 
1.4 
1.55 
1.4 
1 *45 
1.5 
I .6 
1.45 
1.41 
1.6 
... 
... 
... 
... 
... 
... 
__ 
- 
1.25 
1.35 
1.15 
1.25 
1.25 
1 *3 
1 *2 
1 *25 
1 *3 
1-25 
1.35 
1.2 
1 *35 
... 
... 
... 
... 
... 
... 
- 
1.14 
1.15 
1 *05 
1.1 
1.05 
1.05 
1-15 
1.1 
1.1 
1.1 
1-1 
1.2 
1.05 
... 
I . .  
... 
.. . 
... 
.. . 
- 
-96 
1 .o 
.9 
1.05 
-9 
1.0 
1.0 
*95 
1 .o 
-95 
1 .o 
1.1 
-85 
... 
... 
... 
... 
.. . . 
... 
-88 
*85 
.9 
.95 
-9 
*85 
*9 
*85 
*9 
*85 
-9 
'9 
-85 
... 
... 
... 
... 
... 
... 
PROF. SYDNEY YOUNQ ON T E E  
Vol. ,. I= 
Values of dP -( = b )  from Isochors. 
dt 
1200 I 1400 1 16; I 1800 I 2000 I 2300 1 2600 1 3000 1 3500 1 4000 
Temp. 
1675 
11.0 
16.3 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
} .66 
-62 
*60 
.60 
*67 
a58 
-57 
-78 
a 6 2  
... 
... 
... 
... 
... 
- 
*58 
.55 
.56 
*53 
*54 
.53 
.54 
-59 
*56 
a . .  
... 
... 
... 
... 
- 
*5 1 
+50 
-54 
*45 
*46 
-45 
-50 
-55 
-51 
... 
... 
... 
... 
... 
.42 
.45 
'47 
O44 
-39 
*44 
*43 
'48 
*41 
... 
... 
... 
... 
... 
- 
*36 
.39 
*38 
037 
-37 
*40 
*34 
*40 
*39 
... 
... 
... 
... 
a . .  
__ 
*30 
-35 
-35 
-3 1 
-3 1 
*35 
.34 
*35 
-36 
... 
... 
... 
... 
... 
-- 
- 
-26 
*31 
*3 1 
*29 
*27 
*28 
*3 1 
-32 
-29 
... 
... 
... 
... 
... 
- 
-26 
*24 
*28 
*24 
*23 
*26 
*25 
*26 
-25 
... 
... 
... 
... 
... 
- 
*2 1 
*2 1 
*24 
-21 
*20 
2 4  
*20 
*23 
-19 
... 
. I .  
... 
0 . .  
... 
- 
It  will be seen from the preceding tables that the 
At  
volumes lower than 4.6 cub. ceiitim. (the critical volume 
of a gram =4.266 cub. centJjm.) the values of b increase with 
rise of temperature, whilst a t  greater Trolumes (up to about 
400 cub. centim.) they diminish. A t  still larger volunies they 
appear to be constant, at any rate the deviations are within 
the limits of experimental error. 
These deviatioiis of Z, from constancy appear to be far too 
regular to  be attributed to experimental error, and the results 
seein to  confirm the conclusion arrived at  by Ainngnt in the 
case of the substances examined by him, that the values of Z, 
are not absolutely constant. 
values of dP -(=/I) are iiearly but not quite constant. d t  
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It is noteworthy that with isopentane the isochor for n 
volume very slightly higher than t,he critical volume is 
straight, whilst those on either side are slightly curved in 
opposite directions. 
It is also noticeable that the variations in the values of b 
diniinish as the temperature rises, and, indeed, that at volumes 
higher than 30 cub. centim. they practically disappear a t  the 
higher temperatures. 
This also agrees with Amagat’s conclusions from his 
observntioiis with carbon d i o d e ,  ethylene, and other gases 
(“ Mkiiioires sur 1’6lnsticit6 et la dilatabilit4 des Fluides jusqu’ 
nux ti& haute; Pressions,” Ann. Chim. €‘J~ys. 6th Series, 
vol. n i x .  p. G7) :-“ 11 parait r@sulter de l’ensemble de ces 
rdsultats que les variations du coefficient de pressioii avec la 
tempQrttture, tozLjows t& petites,  s’niiiiuleiit aux tempdratures 
snffisamment dlev6es et probxblement i toutes les temp&ratnres, 
sous des pressions sufisaates ; c’est bien ce que paraiseeiit 
iriontrer les r6sultats relatifs i ceux des ~ R Z  qui, daas les 
liinites de teinpdrature de ce travail, soiit dkjji beaucoup nu- 
cl~ssus de leur teinp6rnture critique.” 
The teniperatures and pressures at the ~~olu ines  given in 
the tables were mapped, aiid straight linos drawn to  pass as 
well as possible through the points. Proin these straight 
lines the values of b were obtained, aud they tire given in the 
following table (pp. 650, 651). As the values of b teiid to 
become constant at high temperatures, they have also been 
calculated fo r  volumes from 2.4 to 400 cub. centiin. froin tht. 
observatioiis at the three highest temperatures, and these are  
also given. 
A t  lower roluines than 2.4 cub. centim. the isochors were 
obtained indirectlv from the isobars, and at higher volumes 
than 400 cub. centim. the variations are within the liiiiits of 
experimental error. 
The values of b cannot well be mapped. against the volume, 
but I have adopted the suggestion of Rose-Innes and plotted 
against v - ’ / ~  (fig. 3, p. 652). 10000 the values of ~ bV 
becomes very 10000 A t  the largest volumes the value of -
bV 
nearly constant and agrees closely with that (11.6) calculaLted 
from the molecular weight of isopentnne. 
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From obser- 
vations at  
three highest 
temperatures. -- -- - 
a . . , . .  ...... ... I . .  ...... ...... .. I . . .  ...... ...... 
...... ...... 
...... ...... 
a . . . . .  
327 
3-47 
3-74 
3-93 
4.18 
4.39 
4.59 
4.88 
5.12 
6.25 
5.43 
5.57 
5.71 
5.88 
6.14 
6.40 
6.61 
6.87 
7.07 
7.25 
7.35 
7'49 
7.56 
7-68 
7'8 1 
8.07 
8.15 
8.45 
8.68 
8.77 
8.80 
9.01 
Volume of 
a gram in 
eub. oentim 
1.58 
1.6 
1 e65 
1.7 
1.75 
1'8 
1-85 
1'9 
1'95 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
28  
2.9 
3.0 
3 -2 
3.4 
3-6 
3.8 
4 *O 
4.3 
46 
6.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9 0  
9.5 
10 
11 
12 
13 
14 
15 
17 
18 
19 
20 
22 
24 
26 
28 
30 
33 
36 
--- 
. 16 
- -. 
From obser- 
vations at 
three highest 
temperatures. - 
b. 
From draw 
Ioochore. 
--- 
571 1 
5450 
4823 
4209 
3712 
3390 
3014 
2734 
2475 
2309 
1914 
1644 
1425 
1238 
1111 
998.5 
913 0 
834.5 
763.0 
704.5 
627.0 
557.0 
509.5 
468.0 
436-0 
397.0 
363.9 
387.1 
288.7 
256.8 
232.1 
210.5 
192 6 
1774 
164.3 
152.3 
141.8 
132.6 
118.0 
105.3 
95.1 1 
86.67 
79 37 
73.86 
6826 
63.3 1 
59.63 
50.36 
50.62 
45.31 
41.30 
38.1 1 
35.20 
31.77 
28.57 
__-- 
From draw 
Isochors. 
--- 
10000 
I 11 bv. 
. . a . . .  
. . . . e .  ...... 
.....e ...... 
e.. . . .  ...... 
I . .  .. 
I..... 
a.. . . .  
. . . e . .  
. . a * . .  
... I . .  
1274 
1152 
1028 
942 
855 
786 
726 
640 
555 
529 
485 
449 
407 
370 
326 
284 
252 
284 
202 
184 
170 
157 
147 
137 
128 
1 12.7 
102.3 
91.0 
83.3 
76.0 
71.0 
65.3 
81.0 
57 3 
54.5 
49.5 
44.6 
41.1 
37.9 
34.7 
31.4 
28.6 
1.108 
1.147 
1.257 
1 400 
1.540 
1.639 
1.794 
1.925 
2 072 
2.105 
2.487 
2.764 
3.051 
3368 
3602 
3.851 
4.056 
4.279 
4.520 
4.73 1 
4.986 
5.281 
5.455 
5.507 
5.733 
5.859 
5.973 
6,114 
6.208 
6.489 
6.628 
6.786 
6.925 
7.046 
7.1 95 
7,294 
7.424 
7.541 
7.705 
7.917 
8.088 
8.288 
8.400 
8.463 
8.618 
8.698 
8.835 
8.872 
8.979 
9.196 
9.314 
9.372 
9.470 
9.539 
9.722 
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I 
Table (contimted) .  
11-45 
31.41 
11.37 
11.51 
11-45 
1153 
31.58 
11.40 
11.39 
11.58 
Vol. of gram 
in C.C. 
40 
45 
50 
60 
70 
80 
90 
100 
120 
140 
160 
180 
200 
230 
260 
300 
350 
400 
500 
600 
700 
800 
900 
1000 
1200 
1400 
1600 
1800 
2000 
2300 
2600 
3000 
3500 
4000 
-- 
b. 
From drawn 
Isoclio rs. 
25.48 
22.03 
19.49 
15.94 
13.56 
11.92 
10.47 
9.31 
7.66 
6.54 
mi4 
4.97 
4.45 
3887 
3.427 
2,957 
2.521 
2.188 
2.222 
1.792 
1.486 
1.26 1 
1.095 
0.977 
0.881 
0.727 
0.626 
0.549 
0.483 
0.437 
0.377 
0.332 
0.292 
0.251 
0.216 
10000 -. ! :  bV 
25.7 
22.3 
19.6 
16.0 
13.6 
11.62 
10.41 
9.18 
7.60 
6.48 
5.59 
4.87 
4.40 
3-85 
3.39 
293  
2.52 
2.20 
...... ...... 
...... 
. . . . .  
...... 
...... 
...... 
...... 
...... 
...... 
...... 
...... 
...... ...... 
...... 
...... 
)be. at 3 high 
est temps. 
-. 
9.73 
997 
10.2 1 
10.48 
10.50 
10.76 
10.67 
10.89 
10.97 
11.02 
11.18 
11.41 
11.38 
1129 
11 *35 
11.38 
11.34 
11.36 
...... 
...... 
...... 
...... 
. . . . .  
...... 
...... 
...... 
...... 
. I . , . .  
...... 
...... 
...... 
...... 
...... 
..... 
...... 
A curve drawn throngh the points obtained from the drawn 
isochors shows a decided hump in the neighbourhood of the 
critical volurne, and, in this respect, resembles that constructed 
from the data obtained by Rarnsay and myself with ether. 
With the values of - calculated from the observations a t  
the highest temperatures the hump becomes far less marked 
but does not disappear; with the values derived from the 
observations a t  the lowest temperatures i t  would be greatly 
exaggerated. 
It is possible that at  still higher temperatures the curve 
might become quite smooth, but uiifortunately above 280' 
10000 
bv 
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the vapour-pressure of mercury becomes too great to allow 
of accurate observations being made. 
The values of a in the equdtioii p =  ~ T - Q  were ascertained 
from the drawn isoch'ors, and are giveii in the table below ; 
also the values of a calcu1:tted from t8hose of b derived from 
the observations at  the three highest temperatures. I n  the 
latter case, whilst the slope of the isochor depends only on 
the results obtained at the hiohoat temperatures, the whole of 
the observations were tuken into account in determining its 
position, and therefore the value of a. 
I n  mapping the values of a it WAS found best, as suggested 
against c-3. The curve is given 1O1O bv Rose-'Innes, to plot - a v2 
in fig. 4 (p. G53), and t8he data in the following table. 
It will be seen that a maximum is reached a t  about volume 
3.2, and in tfhis respect also the isopentane results show a 
strong resemblance to those with ether, the mxxilnuiii for 
that substance being at about the same volume. 
9 
Volume o f ' n  
graiu in 
cub. centiiii. 
1.58 
1 *G 
1.65 
1.7 
1.75 
1 *8 
1 %5 
1.9 
1.95 
2.0 
2-1 
2.2 
2 3  
2.4 
2.5 
2.8 
2.7 
2 8  
2.9 
3.0 
3.2 
34 
3.6 
3.8 
4.0 
4.3 
443 
5 .o 
5.5 
--
L_ .- -. - - - 
a. 
From drawn 
IsochorB. 
-- 
1,596,000 
1,566,800 
1,476,000 
1,355,200 
1,253,300 
1.189,OOO 
1,091,200 
1,017,400 
943,300 
898,400 
768,200 
676,700 
504,300 
521,550 
471,000 
425,050 
359,450 
355,650 
324,033 
298,070 
263,340 
231,520 
209,590 
190,690 
175,900 
157,880 
142,630 
125,630 
107,960 
- . . 
10'0 
au2 
~ 
II 
+om b's froin, From clrrtwn 
h e e  highest 1 Isooh~,rB. 
:emperatures. ' i  _ _ _ - I _ _ _ _ _  
...... 
...... ...... ...... ...... 
...... 
...... ...... 
...... I ...... 
...... 
...... 
...... 
637,610 
489,930 
438,550 
402,500 ~ 
365,010 
334,850 i 
308.120 
269, i00 
240,200 
2 I9.230 
1'38,930 
182,310 1 
l( i2,Rt)O j 
145,090 ~ 
125,150 ' 
1 1 )5, (i r)O 
251 1 
2493 
2489 
25.53 
2607 
2596 
2678 
2723 
2788 
2783 
2952 
30.53 
3181 
3320 
3397 
3-1 80 
3523 
36SG 
3670 
3725 
3708 
3i36 
36S2 
3632 
3553 
3426 
3313 
3184 
3002 
i.roiu b's fron- 
;hree highest. 
;eLu pera Lures --
...... ...... ...... ...... ...... 
. . * . a .  ..... ...... ...... 
...... ...... 
...... 
...... 
32220 
3266 
337s 
3407 
3494 
3351 
31iO6 
3\21 
3601 
3520 
34.8 1 
3425 
3320 
3244 
3196 
3120 
.- . .-. . __ 
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Vol. ofgrnu 
in C.C. 
G 
6.5 
7 
7'5 
8 
8-5 
9 
9.5 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 
24 
26 . 
28 
30 
33 
36 
40 
45 
50 
60 
70 
80 
90 
100 
120 
140 
160 
180 
200 
230 
260 
300 
350 
400 
500 
600 
700 
800 
900 
1000 
1200 
1400 
1600 
1800 
2000 
2300 
2600 
so00 
3500 
400( ) 
--- 
- 
a. 
From drawn 
Isochors. 
93,330 
83,150 
73,485 
64,560 
57,940 
52,383 
47,219 
42,945 
39,001 
33,192 
28,158 
24,310 
21,211 
18,619 
16,790 
14,864 
13,488 
12,073 
11,149 
951 1 
7912 
6848 
6070 
5345 
4592 
3814 
31 74 
2423 
1935 
1.358 
1043 
874 
693 
5,42 
381 
292 
210 
160 
128 
109 
87 
66 
46 
29 
34.2 
23 9 
15.3 
8.9 
9 4  
8 3.5 
4.1 
4.2 
4.2 
1.9 
2 4 
0.9 
0 
1 e 2  
1.2 
0 
--
i'rom h's fr. 3 
iighest temps 
90,940 
78,160 
68,240 
60,315 
54,311 
48,787 
44,599 
40,453 
36,764 
30,732 
28,590 
22,320 
19,621 
16,998 
15,427 
13,406 
12,180 
10,995 
10,257 
8982 
7597 
6759 
5978 
51 14 
4 1 9  
3830 
3284 
2550 
1986 
1388 
1065 
755 
670 
496 
337 
270 
189 
119 
105 
95 
71 
54 
4.5 
33.9 
--. 
...... 
...... 
...... I ..... 
..... 
...... 
~ 
...... 
...... 
I ...... 
...... ! ...... ..... ...... 
I . . , . .  
...... 
10' O/a.u?. I 
From draw 
Isochors. 
2976 
2881 
2816 
2754 
2697 
2!35 
2615 
2580 
2561 
2490 
2466 
2434 
2405 
2386 
2327 
2328 
2288 
2395 
2242 
2 172 
2194 
2160 
2101 
2079 
2000 
2023 
1969 
2038 
2067 
2046 
1957 
1788 
1782 
1845 
1823 
1747 
1860 
1930 
1950 
1730 
1 700 
1680 
1770 
2150 
1170 
1160 
1330 
1760 
1310 
1980 
1690 
1210 
930 
1620 
1040 
2100 
!WO 
(iR0 
...... 
...... 
Fromb's fr. I 
iighest temp 
. .  __ ..... _-_. . - 
2 x 2  
3055 
3028 
209 1 
2947 
2877 
2837 
2768 
2739 
2'721 
2689 
2612 
2651 
2600 
2615 
2532 
2.581 
2547 
2519 
2437 
2300 
2285 
2189 
2139 
2173 
2078 
2015 
1903 
1937 
2014 
2001 
1916 
2070 
1843 
2010 
1915 
1889 
2067 
2594 
238 1 
1990 
2083 
2068 
1814 
1776 ...... 
...... 
...... 
...... 
...... 
...... ... ... 
...... 
...... 
...... 
...... 
...... 
...... 
...... 
...... 
. . . . . .  
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Comparison of Isopentune with otlbei* Substnnces at 
" Corresponding '' Pressures. 
The absolute temperatures (boiling-points) and molecular 
volumes of liquid and saturated vapour were read froin the 
curves at pressures '' correspondiiig " to those ndopted in  
previous papers on this subject (Phil. Mag. Feb. 1892, p. 153; 
Trans. Chem. Soc. lxiii. p. 1191 ; Phil. Mag. Jan. 1894, p. l j  ; 
and are given in the table below : - 
- 
Ratio of 
Pressure to 
Critical 
Pressure. 
*002949 
-005898 
-011795 
*022411 
-044232 
-088465 
-14744 
-20642 
*29488 1 
44232 
- 
*58978 1 
-73721 
-83568 
-88465 
-94363 
-9731 3 
1.000o0 
Pressure. 
milliut. 
75.8 
147.5 
295.1 
560'7 
1107 
2213 
3689 
51 65 
7378 
11040 
14755 
18445 
20660 
221 30 
23610 
24350 
25020 
Absolute 
Peinperature. 
--, 
24?*25 
260-8 
2769 
292.4 
3123 
336.0 
356.3 
371.35 
388.65 
41 0.2 
426.95 
440% 
448-0 
451.6 
457.0 
459.1 
4G0B 
Molecular Volume. 
Liquid. 
cub. centito. 
112'94 
115.8G 
119.84 
125.24 
130.68 
13550 
140.29 
1.5293 
165.15 
180.3.5 
192.35 
204.05 
221.65 
237.7 
306-5 
--- 
...... 
...... 
Saturated 
Vapour. 
cub. cent#im. 
...... ...... 
...... 
31040 
16380 
8490 
5180 
3675 
2540 
1614 
1132 
813.5 
071.5 
5800 
482.5 
425.5 
306.5 
The ratios of the absolute temperatures and of the voliiines 
to the critical constants show that isopentaiie belongs to the 
same group :is benzene and its halowen derivatives, ether, 
carbon tetrachloride, and stannic chloride. The actual values 
approach most closely to those of benzene, and for the sake of 
coinparison both are given in  the following table (p. 657). 
The ratios of the actual to the theoretical densities of' the 
saturated vapour for isopentane and benzene are also given. 
At the critical point the ratio is 3.73, agreeing very closely 
with those for the other substances in group I. (3.65 to 3.83) 
and'also with the ratio for carbon dioxide (3.62) deduced 
from Amagat's observations. 
From these r8sults it may be concluded that the molecules 
of liquid isopentane are simple, like those of the g a s .  
P 
Ermta (p. 650). 
T7o1uiiic 3.8 for 5.507 read 5.623 
Values of -- at ,, 8.5 ,, 7.193 ,, 7.160 
8,241 bV 'Ooo0 { ,, 11 ,, 8.258 ,, 
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